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INTRODUCTION 
Crown rust is one of the most destructive diseases of 
oats (Avena satlva L, and A, byzantina C, Koch). It is a 
potential hazard whenever oats are grown in humid conditions 
and can cause epiphjrtotics over extensive areas. The causal 
organism (Puccinia coronata Cda. var. avenae Fraser and Led.) 
consists of many pathogenic races identified by their differ­
ent capabilities on differential cultivars of oats. Host re­
action to these races of crown rust is conditioned by genetic 
factors. 
Breeding resistant cultivars obviates the need for fungi­
cides that would be uneconomical and create environmental 
problems. Breeding oats for disease resistance, therefore, 
is the control of choice. In the past, pure line cultivars 
with a single host resistance gene have been unsuccessful be­
cause of changes in the pathogenic races of the crown rust 
fungus. Therefore, oat workers at the Iowa Agricultural Ex­
periment Station developed so-called "multiline cultivars" 
to combat crown rust (Browning and Prey, I969). Multiline 
cultivars offer heterogeneity that, it is hoped, will not only 
reduce yield losses but also prevent the proliferation of rust 
races. 
In the Iowa multiline cultivar development program, two 
series of near-isogenic lines, in early and midseason maturity 
classes, have been developed. Theoretically, the isogenic 
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lines in a given maturity class differ only by single crown 
rust resistance genes# Isogenic lines are evaluated in field 
tests at different locations by comparing them with their re­
spective recurrent parents. Only those lines with equal or 
superior yields to their recurrent parents under rust-free 
conditions are selected to blend mechanically into the culti­
vated unit, a multiline cultivar. Thus, a multiline cultivar 
is supposed to be phenotypically similar to its recurrent 
parent under disease-free conditions, but heterogeneous for 
crown rust reaction. However, Iowa isolines incorporating 
crown rust resistance genes from four sources (Ascencao from 
Brazil, Psie 185783 from Argentina, A. sterilis 'Wahl 8' from 
Israel, and A. strigosa 'Saia' from South America) proved to 
have resistance associated with yield genes (Frey and 
Browning, 1971)• Crown rust resistance genes are easily 
identifiable; therefore, there is the possibility they can 
be used as marker genes for yield improvement. For this 
reason, plant breeders have started to study yield factors 
in these isolines intensively. 
For the plant pathologist, isogenic lines provide a 
common genetic background to study the action and effect of 
individual resistance genes. By comparing an isoline that 
carries a given resistance gene with its recurrent parents, one 
can measure quantitatively the effect of a particular resis­
tance gene. Moreover, at the Iowa Agricultural Experiment 
Station each resistance gene has been incorporated into both 
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early and midseason genetic backgrounds. This should enable 
one to measure also the effect of the genetic background on 
gene action. I chose to study these phenomena, and to study 
them in those isolines that had crown rust resistance genes 
associated with yield genes because of the intense interest 
in those isolines. This study, then, is an attempt to char­
acterize the resistance genes from the above four sources that 
are associated with yield genes In early and midseason 
Isolines. 
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REVIEW OF LITERATURE 
Among the voluminous literature on the cereal rusts are 
reviews by Browning and Prey (I969), Hart (I949), Hooker (I967), 
Johnson (I96I), Johnson et al# (I967), Rohringer and Samborski 
(1967)1 Rowell (1968), Scott and Maclean (I969)» Shaw (I963), 
and Watson (I97O). Additionally, Simons (1970) recently 
monographed crown rust of oats and grasses; therefore, unless 
otherwise stated, only crown rust literature pertinent to this 
study has been reviewed in this section. Related work on other 
cereal rusts and other fungal diseases will be cited, as 
appropriate, in other sections of this thesis. 
Crown Rust Resistance in Oats 
Stabilizing the rust resistance of cereals has been a 
problem for some seven decades, because the virulence potential 
in rust populations changes through mutation, hybridization, 
and natural selection (Johnson, I96I; Yarwood, 1970). In 
general; three types of host resistance have been advocated 
to control crown rust: seedling resistance, mature-plant 
resistance, and tolerance. 
Seedling resistance 
If a cultivar is highly rust resistant in the seedling 
stage, it usually is resistant in all stages of growth. This 
type of resistance is easy to work with and highly desirable, 
but past experience has shown that it is ephemerale This is 
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well illustrated by the history of breeding oats for crown 
rust resistance, 
Victoria derivatives were developed to combine crown rust, 
smut, and stem rust resistance into superior oat cultivars with 
desirable agronomic type. Most of the USA oat acreage was 
planted to Victoria derivatives by 19^5 (Coffman et al., I96I), 
But an epiphytotic of Victoria blight, caused by Helmintho-
sporium vlctoriae, severely damaged Victoria derivatives in the 
mid 19^ 0's (Meehan and Murphy, 19^ 6; Murphy and Meehan, 1946), 
Thus, it became essential to replace them with other sources 
of resistance, and Bond derivatives were used. Bond deriva­
tives were severely attacked by crown rust race 4$ that caused 
epiphytotics in 1953 and 1954* Soon after. Bond derivatives 
were replaced by cultivars with Landhafer and Santa Fe re­
sistance, only to have races of the 29O group render them 
useless. About this same time, race 26kk was found to para­
sitize seedlings of all commercial cultivars and ether known 
hexaploid sources of resistance (Simons, 1955c! Simons et al,, 
1957)» However, some race 264A resistance has been reported 
in diploid and tetraploid species (Simons, 1959) and also in 
hexaploid Avena sterilis from Israel (Simons et al,, 19^ 2; 
Simons, 1965b), Fortunately, race 264A never became preva­
lent, It did. however, stimulate searches for means of con­
trolling crown rust other than pure-line seedling resistance 
(Simons, I96I), 
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Mature-plant resistance 
Mature-plant-resistant cultivars are susceptible in the 
seedling stage "but their resistance increases with age of the 
plant until maturity. Due to the unavailability of sources of 
seedling resistance in the U8A, major interest diverted toward 
mature-plant resistance (Simons, 1955a)* As early as 1899» 
Carleton (1899) noticed that young Puccinia coronata infected 
grasses were more susceptible than older plants. Brentzel 
(1917) found similar results with oats subjected to crown rust 
infection. More than 120 strains of oats were inoculated with 
crown rust at seedling and heading stages, but only a few were 
detected with increased resistance at heading stage (Parker, 
1918), Durrel and Parker (1920) tested about 200 cultivars 
of oats in the greenhouse at both seedling and adult stages. 
They concluded that plants in the seedling stage were more 
susceptible than adult plants because a greater number of in­
fections developed from a given quantity of spores, and there 
was a shorter latent period of infection. Murphy (1935) 
concluded that there was little effect of age of the oat plant 
on crown rust reactions from the seedling to the juvenile 
stages. After the juvenile stage, no considerable effect of 
age was noticed in his material. However, some Victoria de­
rivatives that were siisoeptlble in the seedling stage tended 
to have increased resistance from juvenile to adult stage 
(Ivanoff, 1956). In Canada, five oat cultivars were tested in 
the seedling and adult stages against seven races of crown rust 
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(Peturson, 1944), He found four cultlvars with adult-plant 
resistance that had been susceptible as seedlings. Rosen 
(1952) described two types of crown rust reactions to race 45 
in some Bond derivatives in the field. One had smaller uredia 
with fewer spores; he called this an "intermediate reaction". 
The other rust reaction showed a reduced number of infections; 
he called this "rust-escaping or klendusity". Simons (1954) 
tested 11 cultivars of oats at four different stages of growth 
to crown rust race 205 3ji the greenhouse. He noted that 
MO-0205 was susceptible in the seedling stage but that it 
exhibited a high type of mature plant resistance in late stages 
of growths Three diploid and one hexaploid strain with a high 
type of field resistance were found after field testing 216 
strains of oats to 11 races of crown rust (Simons, 1959)* 
Simons (1955a) tested 2? lines of oats at different stages of 
growth in the field and greenhouse to crown rust race 202, 
All lines were susceptible in the seedling stage; however, he 
found eight lines with a high type of resistance. In USDA 
tests in Puerto Rico, several hexaploid lines exhibited varying 
degrees of adult-plant resistance to crown rust race 264A 
(Theis et al,, I96I), Later, similar tests were conducted at 
Tifton, Georgia, where P,I, 174544 derivatives were singled 
out with high resistance to race 264A in the field (Morey 
et alg, 1963)0 
When moderately susceptible cultivar Portage and highly 
susceptible cultivar Coachman were compared as regards the 
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infection process and sporulation, adult leaves of Portage 
supported fewer penetrations, slower hyphal growth, delayed 
sporulation, and fewer spores per pustule (Heagle and Moore, 
1968, 1970). 
Not only does resistance increase with age of the plant, 
but also with age of the tissue. In general, younger leaves 
on the same plant are as susceptible as seedlings, but the 
older leaves are resistant (Hassebrauk, 1932; Newton and 
Brown, 1934; Murphy, 1935)* These observations are contrary 
to what had been reported for leaf rust of wheat (Johnston 
and Melchers, I929). 
Simons (1961) reported that some cultlvars of oats were 
resistant as adult plants to certain races of crown rust but 
susceptible to others. This corroborated the observations of 
Peturson (1944) and Clifford and Schafer (1966a). In general, 
it Indicates that adult-plant resistance may be as race 
specific as seedling resistance, and not necessarily of a 
generalized nature as commonly assumed. 
Tolerance 
Following the demonstration of tolerance to full infec­
tion by crown rust in the oat cultlvar Benton (Caldwell et al., 
1958); a major effort has been directed toward locating and 
characterizing this so-called "tolerance". "A tolerant 
variety shows signs and symptoms similar to those on a sus­
ceptible variety, but it is damaged less by the Infection than 
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is the susceptible variety" (Simons, I969). Thus, tolerance 
probably is an entity "separable from resistance" (Hooker, 
1967), Heritabillty studies have indicated that tolerance is 
inherited as a complex quantitative trait (Simons, I969). 
Unfortunately, only a few cultivars have been located with 
such a character. The extent to which they can be used in 
breeding programs remains to be seen# 
Utilization of Crown Rust Resistance 
Crown rust resistance described above is inherited 
either ollgogenically or poligenically. Oligogenic resistance 
can be used by any of the following methods; a single re­
sistance gene can be incorporated into a pure-line cultlvar, 
a number of resistance genes can be pyramided in a pure-line 
cultlvar, and single resistance genes can be incorporated 
individually into a number of sublines, or isolines, and 
mixed mechanically. 
Slngle-Kene cultlvar 
Single-gene resistance has been used extensively in the 
pastJ but found ephemeralî There is promise, however, that a 
single-gene resistance can be stabilized by gene deployment. 
One host cultlvar or group of cultivars containing one set of 
genes should be planted where the epiphytotlc begins, and 
other cultivars containing resistance genes from a different 
set where it ends. Such schemes for regional deployment of 
10 
resistance genes have been proposed (Browning et al., I969; 
Browning, 1971; Knott, 1971). 
Multigene cultivar 
If several nonlinked host resistance genes are available, 
they can be pyramided in a single cultivar (Watson and Singh, 
1952). 
Multiline cultivar 
Nonlinked host resistance genes can be incorporated in­
dividually into a common genetic background. The different 
isollnes are then mixed to give a host population that is 
heterogeneous for rust reaction (Borlaug, 19591 1965; Browning 
and Prey, I969; Jensen, 1952). 
To use host resistance genes to best advantage, they 
should be characterized and evaluated in a common genetic 
background, i.e., in Isollnes, 
Importance of Isogenic Lines 
Characterization of crown rust resistance genes needs 
suitable biological materials. There has been some advance­
ment in this direction since the "gene-for-gene hypothesis" 
of Plor (1942, 1959) and the theory of "paired isogenic lines" 
of Atkins and Mangelsdorf (19^ 2), Isogenic lines have been 
called by different names by different authors, e,g,, back-
cross lines, substituted lines, isollnes, etc. Lines isogenic 
for reaction to a given disease should be identical pheno-
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typically under disease-free conditions and they offer an 
efficient system to measure the effect of disease. Under dis­
ease conditions resistant and susceptible isogenic lines can 
be differentiated easily. 
The use of isogenic lines to study the effect of disease 
is not uncommon, Suneson et al, (19^ 1) were probably the 
first to use isogenic lines to estimate the effect of stem 
rust and smut on wheat. They compared White Federation 38 and 
Baart 38 (stem rust and smut resistant) isogenic lines to 
their susceptible recurrent parents, White Federation and 
Baart, respectively. They found higher yields for resistant 
cultivars than for corresponding susceptible ones. But under 
disease-free conditions, no differences were observed in 102 
field experiments, Craigmiles (1956) used isogenic lines to 
determine forage yield losses in oats due to Victoria blight. 
He concluded that severe disease conditions may cause more 
than an 80^  reduction In yield. Yield losses due to crown 
rust were evaluated, with three isogenic lines carrying the 
Landhafer crown rust resistance. The three resistant isogenic 
lines had higher yield (8-56^ ) than the corresponding sus­
ceptible lines (Atkins et al,, I966). Caldwell et al, (1958) 
compared two pairs of isogenic lines differing only by the 
Landhafer resistance. Resistant isogenic lines Clintland and 
Bentland had higher yields and test wt than their counterpart 
susceptible recurrent parents Clinton 59 and Benton, 
respectively. 
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Johnston and Heyne (19 64) used Isogenic lines of Wichita 
wheat to differentiate physiologic races of Pucclnia recondita. 
Green et al, (i960) tested different isogenic lines of Marquis 
wheat with one, two, or more genes for stem rust resistance to 
99 North American cultures of 29 races of stem rust and 8 
Australian cultures under varying temperature conditions. 
They observed that the resistance conditioned by Sr^ , Srg, and 
8r^  genes were slightly affected by temperature but that the 
resistance conferred by St^ Q and Srg genes were Ineffective at 
higher temperatures. 
The importance of isogenic lines for the study of physio­
logical and biochemical mechanisms of resistance was outlined 
by Howell et al, (I963), They emphasized that, with these 
Isogenic lines, it is possible to study the potentials of 
host and pathogen where the effect of one or more genes in a 
common genetic background can be determined (Loegerlng and 
Harmon, I969). Wheat isogenic lines developed by Loegerlng 
and Harmon (I969) have been used extensively to study bio­
chemical processes involved in the resistance controlled by 
the Sr^  locus for wheat stem rust reaction (Seevers and Daly, 
1970a, 1970b; Daly et al., I97O), Lyles et al, (1959) used 
two wheat isogenic lines differing only by a single gene for 
reaction to stem rust race 15B and found that resistant iso­
genic lines had more reducing sugars than susceptible ones. 
They concluded that low reducing sugars were related to sus­
ceptibility, Identical Increases in decarboxylation rates of 
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indoleacetic acid were found until 3 days after inoculation 
in both susceptible and resistant wheat lines isogenic for 
rust reaction to stem rust race $6, However, decarboxylation 
rates were up to 8 times higher in resistant isogenic lines 
than in susceptible ones 3 days after inoculation (Antonelli 
and Daly, I966), 
In Iowa, a large number of isogenic lines have been de­
veloped (Browning et al., 1964), some of which have been used 
effectively in a multiline cultivar development program 
(Browning and Frey, I969; Prey et al., 1970, 1971a» 1971%)* 
Some of these isogenic lines also have been used for other 
pathology studies (Ayanru, 1970; Cournoyer, I967, 1970; 
Gregory, I9665 Leonard, I969). 
Measurement of Disease Severity 
Scales 
It is necessary to have some kind of scale to categorize 
plants for reaction to disease. In Australia, Cobb (I892) 
developed the so-called "Cobb Scale" for quantitative esti­
mations of cereal rusts. He prepared reference drawings of 
wheat leaves to show 1, 2, 10 and $0^  levels of rust Infection. 
This kind of scale had wide application; therefore, it has been 
modified and expanded (Meichers and Parker, 1922; Peterson 
et al., 19^ 8). 
Rosen (1944) demonstrated that size of pustule was not 
important in evaluating susceptibility. He found that although 
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Traveler (Victoria x Curtis) oats supported larger pustules 
than other Victoria derivatives, Traveler yielded as much or 
even more grain than other Victoria derivatives with smaller 
pustules. He considered that the number of infections and 
amount of leaf tissue Injured are better criteria of disease 
severity than pustule size. Murphy (1935) also realized the 
shortcomings of the Modified Cobb Scale for reading crown 
rust and devised a coefficient of Infection, which he defined 
as the product of the percentage of leaf area covered with 
uredla x infection type (on a scale of 0, to 0,9, with 0,9 
being very susceptible). This coefficient of infection gave 
a higher negative correlation with yield than severity per­
centage or infection type alone. 
Host response 
Early workers found high negative correlations between 
crown rust infection and yield and test wt (Immer and Steven­
son, 1928; Greaney, 1934; Mains, 1930; Murphy et al,, 1940), 
Therefore, they used yield arid test wt as measurss of host re^  
sponse to rust. Rust effects also have been measured by com­
paring strains or cultlvars under rusted and nonrusted con­
ditions (Caldwell et al,, 193^ ; Simons, I966; Simons and 
Michel, 1967), But, as demonstrated by Grafius (1956), oat 
yield is the product of three components; number of panicles 
per unit area, number of seed per panicle, and wt of seed, 
Oats are not affected by crown rust in the Com Belt until 
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heading; therefore, in the Corn Belt seed wt is the only-
component of yield affected by rust. Simons and Browning 
(1961) tested and found that kernel wt is a measure of host 
response to crown rust that is superior to total yield, which 
is affected by many other factors. 
Later, Murphy and Prey (I962) observed differences in 
groat densities of certain oat cultivars under heavy rust 
conditions but not under rust-free conditions. Simons (1965a) 
advocated that kernel density, which is significantly corre­
lated with yield, kernel wt, and test wt, provides a better 
quantitative measure of host response than either total yield 
or kernel wt. In the past, yield was taken from large (4 ft x 
8 ft or larger) plots to measure the degree of resistance, but 
it has been demonstrated that using kernel wt and kernel den­
sity, rust damage can be evaluated with precision in plots one 
ft in size (Simons and Browning, I96I; Simons and Michel, 
1967). 
Simons (1966) demonstrated that by using yield, kernel wt, 
and kernel density ratios from rusted vs nonrusted paired plots 
of a given cultivar, one can eliminate inherent differences 
among cultivars. Direct comparisons of rust damage among 
cultivars thus are more valid. 
Histology and Cytology of Host-Parasite Interactions 
Early workers (Cobb, I89O; Hitchcock and Carleton, I893) 
thought that various degrees of resistance in plants to their 
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pathogens were due to morphological characters. Ward (1902) 
worked extensively with Puccinia dispersa on Bromus spp. and 
concluded that resistance was due to physiological interactions 
of the protoplasm of the host and fungus, not to host anatomy. 
This type of resistance came to be known as protoplasmic 
resistance, 
Stakman (1914) observed that germ tubes of Puccinia 
graminis tritici penetrated susceptible and immune cultivars of 
wheat similarly; any differences occurred thereafter. Growth 
of hyphae and formation of uredia were vigorous in the sus­
ceptible host without adversely affecting the host tissue, but 
in the immune host substomatal vesicles may or may not form 
hyphal branches. If hyphal branches were formed, they were 
short, club shaped, vacuolated, and no haustoria entered host 
cells. He noticed the death of host cells in the vicinity of 
hyphae, and proposed the so-called "hypersensitive theory" to 
explain the death of host cells (Stakman, 1915)* It was 
thought that immunity was due to some physiological incom­
patibility. 
Allen (1923a; 1923b, 1926, 192?) studied infections by P. 
graminis triticina in resistant, semiresistant, and susceptible 
wheat cultivars and corroborated earlier work (Stakman, 1914). 
She concluded that resistance was due to antagonistic reac­
tions between fungus and host cells and that these reactions, 
in turn, gave rise to specific toxins and antitoxins that 
were analogous to those in animal diseases. 
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Pole Evans (190?) studied hyphal development In different 
Puccinia spp. He observed that the germ tubes of P, coronata 
were either branched or unbranched and that appressoria were 
not well defined, Substomatal vesicles were cylindrical in 
shape and had two infection hyphae, one from each end of the 
vesicle, Haustoria usually were unbranched and cylindrical 
in shape with only a few nuclei. 
Buttle and Eraser (192?) studied P, coronata development 
on moderately resistant (Cowra) and susceptible (Banner) oat 
cultivars. They corroborated earlier work on crown rust 
(Pole Evans, 1907, Bolley, 1889) and found development similar 
to that described for other rusts (Allen, 1923a, 1923b; 
Stakman, 1914). Stimulated growth of host tissue was observed 
in the susceptible cultivar, but in the resistant cultivar 
violent reactions took place in the presence of the fungus. 
They concluded that these violent reactions were due to an­
tagonistic interactions between host tissue and the fungus. 
So far as known to me, Rothman (196O) was the first to 
perform histological work on cultivars with an intermediate 
rust reaction to P. coronata. Penetration and formation of 
substomatal vesicles in leaves of eight different cultivars 
were similar, but differences occurred thereafter. He grouped 
oat Cultivars into four classes according to their rust re= 
actions; Class I (highly susceptible) had normal growth of 
hyphae. In Class II (intermediate), some substomatal vesicles 
did not give rise to hyphae; there was slow growth and 
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chlorosis around uredia. Class III (resistant) was character­
ized by granular substomatal vesicles, and only growing hyphal 
tips contained dense protoplasm. Hyphal growth was restricted 
due to host necrosis. He thought that resistance was due to 
antagonistic reactions. Class IV (highly resistant) also had 
characteristic granular substomatal vesicles and dense proto­
plasm in growing hyphal tips, but a rapid disruption of host 
cells resulted in restricted haustoria formation. No tissue 
other than that actually invaded by the fungus showed appre­
ciable damage. 
Hobbs (1962) reported that the upper, younger leaves of 
field"resistant cultivar C,I, ?181 were as susceptible as those 
of the crown rust-susceptible cultivar Clinton. But hyphal 
growth of P. coronata was comparatively slower in C. I, 7I8I 
which also had more sites with antagonistic reactions. Hyphal 
growth was checked in lower leaves, and all damage occurred 
within 7 days, when the haustoria were formed. Crown rust 
reactions similar to those on C.I. 7181 were observed on upper 
and lower leaves of the seedling-resistant tetraploid C.I. 
7233» However, lower leaves had a higher number of highly 
antagonistic reactions. The survival and growth of the fungus 
without haustoria for seven days in the resistant host was ex­
plained by assuming that the fungus obtained essential materi= 
als from the host without haustoria. 
Recently, Heagle and Moore (1970) observed restricted 
hyphal growth in moderate-adult-plant-resistant-cultlvar 
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Portage In comparison with its counterpart, susceptible-
cult ivar Coachman. 
Effect of Temperature on Host-Parasite Interactions 
Pathogens usually require the same temperature as their 
hosts. However, sometimes temperature requirements differ 
to a greater or lesser extent. Temperature requirements for 
most plants are 5-35 C and for pathogens 12-39 C with a mean 
of 25 C (Yarwood, I965). 
The latent period of infection (the time from inoculation 
to uredia formation) is affected by temperature, Parker 
(1918), working in the greenhouse, showed that cooler tempera­
tures increased the latent period of infection for crown rust. 
Similar results were observed by Marland (1937)» With 
his material, pustules formed 20 days after inoculation at a 
mean temperature of 5-9 C, but after only 6 days at 17-21 C, 
P. coronata formed pustules about 2 days earlier at 25 C than 
at 14 C (Peturson, 1930)* 
Higher temperatures not only enhance fungus development, 
but also sometimes result in a shift of infection type from 
resistant to susceptible. Increased susceptibility due to 
temperature was first observed in the field in Australia by 
Waterhcuse (1929) in Joanette cultivar of oatS: He found 
that Joanette was susceptible in summer to form 1 of P, 
coronata due to higher summer temperatures, Peturson (I93O) 
tested six different cultivars of oats to four races of crown 
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rust and reported that Red Rustproof, Green Russian, Green 
Mountain, and White Tarter were resistant at l4 C "but sus­
ceptible at 25 C to certain races. He found 21 C optimum 
for crown rust development and emphasized that temperature 
should be taken into account in the identification of crown 
rust races. Murphy (1935) checked several oat cultivars at 
different temperatures and noted that susceptibility increased 
with temperature. Certain cultivars that were resistant at 
13 to 18 C and intermediate at 18 to 24 C were moderately 
susceptible at 24-30 C to certain races of crown rust. 
Straib (1937) also observed the shift of infection type from 
resistant at 10-20 C to moderately susceptible at 23 C. 
In greenhouse tests, Putrell and Rivers (1955) found that 
Victoria derivatives were resistant at 18 C and susceptible at 
30 C to crown rust race 216. In the field, Victoria oats had 
no symptoms of infection at the lower temperatures that pre­
vailed early in the growing season in Texas 1 They concluded 
that overwintering of the crown rust fungus can be avoided by 
this functional tolerance or moderate resistance, Saari and 
Moore (I962) used 95 cultivars of oats in their greenhouse 
tests at 18, 24, and 30 C. They found a shift in rust reac­
tions from resistant to susceptible in 4l oat cultivars to one 
or more races of crown rust^  and thought that temperature 
should be useful in locating and identifying sources of crown 
rust resistance. 
The effect of alternating temperature was studied by 
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Zimmer and Schafer (I96I) on the oat cultivar Glabrota 
inoculated with crown rust race 263* Glabrota did not respond 
to race 263 as it did to races 202 and 295» but gave an 0-
type rust reaction at I5 C, a 1-type at 21 C, and a 3-type 
at 27 C. Seedlings of Glabrota were inoculated with race 
263 and kept at 27 C until uredia were fully formed. They 
were moved to I5 C after initial 3-type pustules had formed 
surrounded by a necrotic area. Seedlings from 15 C were 
transferred again to 27 C, and a ring of secondary uredia de­
veloped around the necrotic area. They concluded that either 
Glabrota possesses two separate genes for crown rust resistance 
or it has a single gene that confers resistance at low tem­
perature but that is inactivated by higher temperature, 
Johnson and Newton (1937) subjected susceptible oat 
cultivar Victory to a series of temperatures from I7 to 32 C 
in the greenhouse to determine the effect of higher tempera­
tures on crown rust development. They observed inhibited 
growth of the fungus at excessively high temperatures. At 
18 C there was normal pustule development with susceptible 
reactions. At 24 C chlorotic spots, and at 29-32 C mostly 
necrotic spots were observed. Their histological studies in­
dicated that fungus penetration was normal but that hyphal 
growth was checked at higher temperatures. 
Temperature also affects reactions of oat cultivars at 
different maturity stages, Simons (195^ ) demonstrated that the 
adult-plant resistance of Appier, Marion, Cherokee, and 
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Landhafer to race 205 at 1$ C was inactivated at 29 C, He 
observed higher resistance at cooler temperatures. Clifford 
and Schafer (1966b) found correlation between resistance and 
age of host tissue at the time of inoculation. Temperature 
affected resistance at different stages, with greater resis­
tance being observed at lower temperatures. They concluded 
that mature-plant resistance in their material was due to 
cooler nights. Cooler temperatures were found to be associated 
with resistance by Keagle and Moore (I966), 
Effect of Nitrogen on Host-Parasite Interactions 
As early as I892. Pammel (I892) observed that adequate 
water and mineral nutrients resulted in a thick growth of oat 
plants. Such plants were attacked by crown rust but not plants 
with sparse growth. Grooshevoy and Maklakova (193^ ) concluded 
from field studies that excess nitrogen predisposed oats to 
severe crown rust attack while phosphorus and potash protected 
them. Stakman and Aamodt (1924), working in the field with 
wheat stem rust, thought that the effect of nitrogen on the 
severity of stem rust was indirect. Excess nitrogen tends to 
increase stand density and delay maturity which, in turn, make 
conditions conducive for infection, 
Raines (1922) observed from pot experiments that oats 
supplied high levels of nitrogen, were vigorous in growth and 
supported larger uredia. He concluded that crown rust vigor 
was directly proportional to host vigor. In other words. 
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nitrogen affected rust Indirectly through affecting host 
vigor. 
The elaborate nutrient-culture experiments of Pantanelli 
(1921) and Gassener and Hassebrauk (193^ ) revealed that higher 
levels of nitrogen resulted in somewhat more susceptibility 
than moderate or lower levels. Simons (1955%) tested 13 
different cultlvars of oats under normal and high temperature 
and nitrogen conditions. He found that the resistance of 
Landhafer was not effective under the conditions of high 
temperature and nitrogen. 
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MATERIALS AND METHODS 
Major materials and methods are presented in this section. 
Detailed procedures applicable only to individual experiments 
are included with those experiments in the results section. 
Biological Materials 
Host 
Plant materials used in this study were from two series of 
near-isogenic lines, herein called "isolines", that were de­
veloped as part of the Iowa Agricultural Experiment Station 
oat multiline cultivar development program (Prey and Browning, 
1971)• The two series were derived from the crown-rust sus­
ceptible but agronomically well adapted lines, C.I. 7970 and 
Cel. 7555P that are early and midseason in maturity, respec­
tively, by transferring crown rust resistance genes from four 
sources of resistance into them by repeated backcrossing fol­
lowed by selfing and selection (Table 1). Each resistant 
Iscllne generally ::as bulked from progenies and 
therefore, genetically nearly identical to the susceptible 
recurrent parent except for having an additional gene for 
crown rust resistance. 
Recurrent parent C.I. 7970 (Iowa No. C237-89III), for 
the early multiline series, has genes Pg-2 and Pg-4 for re­
sistance to stem rust, and the Landhafer gene (Pc-5) and the 
generalized resistance of Garry for protection from crown rust 
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Table 1. Oat isolines in two maturity series and their 
sources of crown rust resistance 
Source of 
resistance®" Midseason series Early Series 
Recurrent parents C.I. 7555 (C649) C.I. 7970 
(C237-89III) 
C.I. 7146 (Ascencao) X423 X469II 
C.I. 
1—I 1—1 
(P.I, 185783) X447 X541 
C.I. 8079 (Wahl #8) X270I X434II 
C.I. 7232 (Saia) X117-1964-4-15 X550I 
®C,I. refers to the "cereal investigations" accession 
number of the Cereal Crops Section, A.R.S., U.S. Department of 
Agriculture; P.I. refers to the "plant introduction" accession 
number of the New Crops Research Branch, A.R.S., U.S. Depart­
ment of Agriculture. 
(Prey et al., 1971)* It was derived from the cross Clint-
land X Garry-5. 
Recurrent parent C.I. 7555 is a midseason strain with 
stem rust resistance genes P%-2 and Pg_-4 and the Landhafer 
gene (Pc-5) for crown rust (Prey et al., 1971b). C.I. 7555 
originated from the cross Hajira x Banner 2 x Victoria 3 x 
Victory X Hajira 4 x Roxton 5 x ®Clintland. 
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Sources of resistance 
C.I, 7146. generally called "Ascencao", was intro­
duced from Brazil and first designated P.I. 186603* Simons 
(1956) found it to carry two genes for crown rust resistance 
and he designated them E and V (for the Victoria gene). These 
now would be designated Pc-lM- and Po-2, respectively (Simons 
et al., 1966). Crown rust resistance from this line was trans­
ferred through the following crosses; 
x423 = C.I. 7555^  X Ascencao 
X469II = C.I. 7970^  X Ascencao (V) 
C.I, 7171 was introduced from Argentina and first 
designated P.I. 185763» Simons (1955a) reported adult-plant 
resistance in C.I. 7171 that gave protection against many 
races of crown rust. Adult-plant resistance was incorporated 
into the early and midseason series by the following crosses; 
X#7 = C.I. 7171 X C.I. 7154 2 X Bonkee 3 x ^ C.I. 7555 
X541 « C.I. 7171 X C.I. 7154 2 X Bonkee 3 x ^ C.I. 7970 
C.I. 8079, Dr.I. Wahl supplied an Avena sterilis 
line from Israel that was first designated Wahl #8, Later, 
the Cereal Crops Research Section of the U.S. Department of 
Agriculture assigned it C.I, 8079* It confers resistance to 
five prevalent races of crown rust (Simons et al,, I962). 
The following crosses were made to incorporate this gene into 
early and midseason genetic backgrounds: 
X270I = C.I, 7555* X C.I. 8079 
X434II = Clinton x Garry 2 x C.I. 8079 3 x ^ C.I. 7970 
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C.I. 7232. Zllllnsky et al. (1959) developed a fer­
tile tetraploid (designated Aberdeen 101) by crossing a diploid 
Avena strlgosa (C.D. 3820) with tetraploid A. abyssinlca (C.D. 
4549). Aberdeen 101 :Was later assigned C.I. 7232. C.I. 7232 
Is a black-seeded early strain with the Sala crown rust resis» 
tance. Sadanaga et al. (I96O) reported a major gene in C.I. 
7232 for stem rust resistance. The plant materials with 42 or 
43 chromosomes (Sadanaga and Simons, i960) and B 312 (Zlllin-
sky's strain of C.I. 7232) were used as sources of the C.I. 7232-
crown rust resistance in midseason and early genetic backgrounds, 
respectively, via the following crosses: 
XII7 a C.I. 7232 X Burnett 2 x Clintland 3 x 
Cherokee 4 x Clintland 5 x ^ C.I. 7555 
X550I = C.I. 79705 X B 312 
The exact early strain selected was designated X550I* The 
midseason line X117 is a bulk progeny from a single plant 
designated X117-1964-4-15-4 that was found to have crown rust 
resistance and yellow seed after rigorous screening of 500 to 
3000 plants In each of the Bc^ gPg, Bc^ Q^F^ , Bc^ gF^  and Bc^ gF^  
generations. 
The Isolines are herein after referred to without their 
particular selection number. 
Pathogen 
Races 202, 203, 205, 213A, 2l6, 264A, 264B, 290, 295, 321, 
326, and 427 of Puccinia coronata Cda, var, avenae Fraser 
and LedIngham were used in the field experiments. These 
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races, except race 427, have been classified by Michel and 
Simons (1966) into four groups: 
1, Race Group 202 (includes races 202, 203» and 205)--
Bond is susceptible to the races of this group, but 
Victoria, Landhafer, and Trispernia are resistant. 
The races of this group were prevalent in the early 
1950's. 
2. Race Group 216 (includes races 213A and 2l6)—Bond and 
Victoria are susceptible to the races of this group. 
Race group 216 dominated in 1955» 
3» Race Group 264A (includes races 264A and 264B)—Most 
of the known sources of hexaploid resistance are 
susceptible to these races. Although it never became 
epiphytotic, race 264A stimulated searches for new 
sources of resistance, Victoria is moderately 
resistant to these races but Bond, Landhafer, and 
Trispernia are susceptible, 
, Race Group 290 ( include s races 290, 295* 321, and 
326)—Bond and Landhafer are susceptible to the races 
of this group. However, Trispernia is resistant. 
Race 427, identified in Canada in I966, would fall into 
race group 290 except for its not being pathogenic on Bond 
(G, Flelschmann, personal communication to Dr, M, D, Simons), 
Inoculum of each race was Increased in Isolated greenhouse 
rooms on the susceptible cultivar Markton (C.I. 2053)» Uredio-
spores were collected by shaking the leaves over aluminum foil. 
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Inoculum was Increased from lyophlllzed uredlospores or from 
those stored In liquid nitrogen. 
Field Plot Technique 
In 1969, 12 experiments, one for each race, were con­
ducted in the field. Hill plots as described by Prey (I965) 
were used for all experiments. Thirty oat seeds were planted 
in each hill with a hand com planter. Hills were 1 ft apart. 
Every other hill in both directions was planted to Richland 
(C.I. 787)1 a susceptible cultivar, which served both as 
border and rust spreader. Two Richland plants per spreader 
hill were inoculated by hypodermic Injection with a mixture 
of uredlospores and 0,5^  solution of Tween-20 (an emulsifier, 
sorbitan monolaurate polyoxyethylene derivative, manufactured 
by Atlas Powder Co., Wilmington, Del.). Inoculations were 
made the third week in May. 
Rust-free experiments were organized to evaluate isolines 
in the absence of croim rust* A rust=fres experiment was 
adjacent to and identical with each rusted experiment except 
that Richland was replaced by the resistant isoline X421I, the 
plots were not inoculated, and they were sprayed once a week 
throughout the disease season with the fungicides Zineb and 
Dlthane S-3I. 
Experiments were separated by drilling 1^  ft of the re­
sistant line X421I between experiments to minimize mixed in­
fections with two or more races. 
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Host-Parasite Interaction 
Host 
In addition to the 10 isolines (Table 1), the susceptible 
cultivar Markton, which is not believed to have any gene for 
crown rust resistance, also was included in these studies as 
a further check. 
Pathogen 
Four races (216, 264B, 290, and 326) were used to study 
the infection structures on the surface of the host leaves. 
These races were chosen to represent the most prevalent race 
groups. However, to study the pathogen Inside the host 
tissue, races 290 and 326, representing a mild race and the 
most virulent race, respectively, were employed. 
The inoculum used was fremhly removed from storage in 
liquid nitrogen (Loegering et al», I96I) and immersed in a 
h-S C water bath for five minutes to break dormancy (Loegering 
and Harmon, I962). 
Growth chamber experiments 
Three morphological stages==seedllng (one=week=old), 
juvenile (one-month-old), and adult (about two-months-old) 
plants==were replicated three times and inoculated with each 
of four crown rust races (216, 264B, 290, and 326). For 
seedlings, 10 oat seed were sown in 3-inch clay pots and 
moved immediately to Percival walk-in-type growth chambers 
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(Model PGW-I32). For juvenile and adult plants, 10 oat seed 
were planted In 4-lnch clay pots In the greenhouse. Soil 
for both was mixed in the proportion of 2 field soil;l peat: 
1 sand and autoclaved for about 3 hr. Plants were fertilized 
with Kapco soluble fertilizer (2^  N:12 P: 12 K) twice a week 
and watered as needed. 
Juvenile and adult plants were grown in the greenhouse 
at 16-21 C and, after being Inoculated, were moved to Percival 
walk-in-type growth chambers. The growth chambers were set for 
a 16-hr light period alternated with an 8-hr dark period. 
Light intensity was in the range of 2,000 to 2,500 ft-c at 
plant height. Temperature was 21 C during the dark period and 
22 C during the light period. 
Leaves of seedling, juvenile, and adult plants were 
inoculated using a modified settling-tower technique. For 
adult plants, flag leaves were secured in a vertical position 
by attaching them with Scotch-Brand Magic tape to large corks 
on bamboo stakes. This enabled me to get a uniform distribu­
tion of urediospores with oil inoculation. 
Quantitative inoculation 
A semiquantitative technique of inoculation was used* 
This consisted of a spore-settling-turntable tower (manu­
factured by the Iowa State Instrument Shop from plans supplied 
by Dr, J, S, Melching, Ft, Detrick, Maryland) and a means of 
applying an aliquot of spores-in-oil to revolving plants. 
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The latter modification (designed and added by Dr. J. A, 
Browning) consisted of an air-flow meter, a device for con­
tinuous agitation of urediospores-in-oil, and an atomizer, 
timer, and solenoid valve to allow a known quantity of spores 
__to be delivered in a known volume of air in a desired amount 
of time. 
The leaves were inoculated with a mixture of urediospores 
in Mobilsol (an isoparaffinic oil available as product code no. 
754-259 from the Mobil Oil Co., 7280 Caldwell Avenue, Niles, 
111.), a nonphytotoxic carrying medium for urediospores 
(Rowell, 1957; Rowell and Olien, 1957). The mixture consisted 
of 40 mg of liquid-nitrogen-preserved urediospores in 32 ml of 
oil. Inoculations were made with 90 ft^ /hr of air for 9 
seconds, with the plants revolving at 20 rpm 24 inches from 
the atomizer. The leaves were sprayed with the urediospore-
oil mixture to insure approximately equal quantities of uredio­
spores on both sides. When the oil had dried, the plants were 
moved to a moist chamber and sprayed with distilled water. 
They were removed from the moist chamber after 16 hours, dried 
in diffuse light, and then moved to the growth chamber. 
Microscopic Studies 
Infection structures on surfaces of leaves 
For study of infection structures on the different iso-
lines, three leaves were taken randomly for each treatment 48 
hr after inoculation. Soon after the leaves were excised 
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they were stained as described by Andersen and Rowell (I962). 
After the stain dried, the leaves were observed with a Leitz 
Labolux microscope with an ultrapak attachment. Minor dif­
ferences were observed between adult and juvenile plants; 
therefore, only two stages, seedling and adult, were observed 
for infection structures. Color of the appressoria was used 
as the criterion to differentiate the appressoria which had 
discharged their contents. If the formation of germ tubes and 
appressoria did not result in penetration, the contents of 
these structures stained red; if the appressoria had dis­
charged their contents they showed blue-stained walls. 
Numbers of urediospores germinated, appressoria formed-
appressoria formed over stomata, and appressoria that dis­
charged their contents were counted and germ-tube lengths 
were measured with an ocular micrometer in each of three micro­
scopic fields (each 0.1018 mm^ ) at random from each of three 
leaves from three different plants. Prom these data per­
centages were calculated. 
Infection structures inside the leaves 
Three leaves were taken at random from each treatment 48, 
96, 144, 192, and 240 hr after inoculation. The leaves were 
cleared and stained using the technique of Holz (1936). The 
stained leaves were mounted in lactophenol (Davis, 1924), 
Samples were examined under a Leitz Labolux microscope at 400X. 
I counted the number of substomatal vesicles formed in 48 hr 
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after inoculation In each of three microscopic fields (each 
0,1018 mm^ ) taken at random from each of the three leaves from 
different plants. 
At each collection time, hyphal growth In the leaf was 
measured with an ocular micrometer on 10 well-separated In­
fection sites on three leaves from three different plants. 
The shortest distance between the stoma where the fungus 
penetrated the host and the tip of the longest hypha was 
measured. 
The length and width of 10 pustules were measured only 
at 240 hr after Inoculation for three leaves from three dif­
ferent plants. 
Stability of Rust Reactions 
Growth chamber experiments 
Sets of Isolines were planted 10 seed/3-inch styrofoam cup 
in clean quartz sand. A single set consisted of the 10 iso­
lines (Table 1) plus the Markton check# Treatments were zero 
vs high nitrogen (N), normal vs high temperature, and one of 
four different crown rust races (216, 264b, 290, and 326), 
Four sets, each to be inoculated with one of the four differ­
ent crown rust races, constituted one experimental unit. Two 
units were treated with high N (six times normal). The re­
maining two units did not receive any N and served as checks. 
One hlgh-N unit and one no-N unit were subjected to a tem­
perature of 18 - 2 C in the smaller growth chamber (Percival 
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Model PGS-78), The other two units were moved to a second 
growth chamber maintained at 2? - 2 C. These growth chambers 
were set for a l6-hr light period followed by 8 hr darkness. 
The light intensity at plant height was about 1,500 ft-c. 
Nutrient solution 
Plants were watered as needed with modified Knopp solu­
tion, This solution was used because a substitution for N can 
be made readily. One liter of modified solution was prepared 
by mixing 50 ml of each of six stock solutions plus 700 ml of 
distilled water (Loomls et al., 1937). 
Fully expanded primary leaves of seedlings were Inoculated 
with races 2l6, 264B, 290, and 326 with the modified settling-
tower technique. The experiment was conducted two times. For 
race 290 and 326, the experiment was replicated three times. 
Rust Reaction Notations and Data Analysis 
Rust reactions were taken in July for field experiments 
and about 13 days after Inoculation for growth—chamber experi­
ments, Rust readings were made by using the reaction type 
notations of Simons and Murphy (1955)» 
Results were analyzed statistically by use of the analysis 
of variance, and data showing significant differences were 
further separated by Duncan's multiple range test (Steel and 
Torrie, i960). For field experiments, the early isolines have 
protection from some generalized resistance and earliness as 
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well as from the resistance gene incorporated (J. A, Browning, 
personal communication); therefore, statistical analyses of 
yield, kernel wt, and kernel density ratios were performed 
separately for the early and midseason maturity classes. For 
host-parasite interactions, since there was no correlation 
between resistance and the formation of infection structures, 
data concerning percentage germination, germ-tube length, 
percentage appressoria formed, percentage appressoria over 
stomata, percentage appressoria that discharged their con­
tents, and percentage of substomatal vesicles formed were not 
analyzed statistically. 
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RESULTS 
The results of my studies of the interactions between the 
ten oat Isollnes and the different crown rust races are pre­
sented In two sections, single-race field experiments and 
growth-chamber experiments. 
Field Experiments 
Yield, kernel wt, and. kernel density have been used In 
the past as quantitative measures of host response to the 
crown rust fungus. Therefore, field experiments were conducted 
to obtain data for these three parameters as a measure of the 
effect of crown rust on Isollnes containing different resis­
tance genes in a common genetic background. 
Stands were uniform and conditions for growth were favora­
ble. Inoculations were successful in all experiments (Fig, 1). 
Storms in June caused some lodging, but plants recovered with 
little damage. Unfortunately, army worms damaged some experi­
ments near maturity, causing the loss of whole panicles and 
rendering the yield data unsuitable for valid conclusions. 
However, kernel wt and kernel density data are superior from 
hill plots anyway (Simons and Browning, 196I; Simons, 1965a), 
and these have been emphasized in my thesis. 
Yield and kernel wt data were taken for all experiments 
(one race/experiment) but kernel density data were taken only 
for experiments involving races 202, 264A; 264B, 290, and 326, 
Pig, 1, View of single-race 
isolines growing in 
rust-spreader hills 
experiment showing test oat 
hills separated by inoculated 
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each (except for 264B) representing a particular race group. 
Samples of 200 kernel were weighed to determine average kernel 
wt. 
Kernel density was estimated by weighing 10-g samples 
first In air and then submerged In acetone (Murphy and Frey, 
1962). Before weighing In acetone, air trapped between the 
caryopses and hulls was removed by evacuation. Kernel density 
was calculated as mass/volume of acetone (g/ml). For oat 
kernels, acetone Is better than water because acetone has a low 
surface tension. 
In theory, there should be no difference among the yields 
and components of yield of these Isollnes, However, signifi­
cant differences do occur, even under rust-free conditions 
(Table 2; Frey and Browning, 1971). Therefore, yield, kernel 
wt, and kernel density data were converted to mean ratios of 
rusted to corresponding nonrusted lines to eliminate Inherent 
line differences in these characters. Resistance can be 
measured directly from these ratios. A ratio of 1 shows com­
plete resistance; i.e., there is no measurable effect of rust. 
Unless otherwise stated, the results from field experiments 
are organized by race group and isolines within maturity class. 
Comparison of Isolines containing different crown rust resis­
tance genes and their respective recurrent parents 
The relative effectiveness of the four genes in each 
maturity class was estimated by comparing yield, kernel wt, 
and kernel density ratios of isolines that contained the 
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Table 2. Summary of average yield,kernel wt and kernel density 
of oat Isolines from 80 rust-free plots/entry® 
Yield^  Kernel wt Kernel density 
Isoline g g g/ml 
Midseason maturity 
X423 35.62 a 4,187 a 1.596 a 
X447 30.69 c 3.998 be 1,547 c 
X270 33.77 ab 4.109 ab 1,601 a 
X117 32,32 b 3,844 d 1.574 b 
C,I,7555 28.65 d 3,988 c 1,581 b 
Early maturity 
x469 27,69 a 4.659 a 1.554 a 
X541 24.94 b 4.627 ab 1.526 b 
x434 27,89 a 4.561 ab 1.533 b 
X550 15.93 0 4.395 c 1.500 c 
c,I.7970 25.09 b 4,532 b 1.531 b 
•^Data are means from sprayed plots in 10 experiments of 
8 replications each, 
e^ans with the same letter do not differ from each other 
at the 0#05 level of significance (Duncan's multiple range 
test), 
different genes with that of their respective recurrent parents. 
Yield ratios did not show a consistent trend In either back­
ground with any race group (Tables 3, 4, 5i and 6). 
Table 3. Summary of average rue I: reactions and yield, kernel wt, and kernel density ratios from 
oat experiments inoculated with crown rust races 202, 203, and 205 
Race 202 Race 203 Race 205 
Field Field Field 
rust Kernel rust rust 
reac- Yield Kernel ^ ft density reac- Yield Kernel wt reac- Yield Kernel wt 
Isoline tion^ ratio ratio ratio tion ratio ratio tion ratio ratio 
Midseason maturity 
X423 R 0. 843 0, .894 WS 0, 955 NS R 0, .711 0. ,990 a R 0, 754 0, 889 NS 
X447 ]\ 0, .830 0, .855 NS 0, 930 NS R 0, .955 0, ,912 be R 0, .881 0, 855 NS 
X270 R 0. 766 0. 864 NS 0. ,943 NS R 0. 817 0, ,962 ab R 0, .757 0, .888 NS 
X117 R 0, .797 0, .890 NS 0, 944 NS R 0, .754 0. ,955 ab R 0, .885 0. ,804 NS 
C.I.7555 R 0, ,871 0, 817 NS 0. ,932 NS R 0. 789 0. ,895 c R 0. ,884 0, .812 NS 
ro 
Early maturity 
X469 R 0, .686 0, 868 1!^ S 0, 940 NS R 0. 750 0, .901 NS R 0, 637 0, 863 NS 
X541 R 0, 899 0. ,835 NS 0. ,927 NS R 0. ,738 0. ,854 NS R 0. 640 0. 873 NS 
X434 R 0, .615 0. ,782 NS 0. ,937 NS R 0. ,736 0. 930 NS R 0, 728 0, .840 NS 
X550 R 0. ,704 0. ,782 WS 0, 941 NS R 0. ,753 0. ,898 NS R 0. 428 0. 887 NS 
C.I.7970 1.^  0, ,797 0, 831 NS 0, 951 NS R 0. ,811 0. ,942 NS R 0. 598 0. 855 NS 
^R = resistant. 
^Ratios with the same lettiar do not differ from each other at the 0.05 level of significance 
(Duncan's multiple range test); NS = nonsignificant F test. 
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Table 4, Summary of average yield ratios, kernel wt ratios, 
and rust reactions from oat experiments inoculated 
with crown rust races 213A and 2l6 
Race 213A Race 216 
Isoline 
Field 
rust 
reac­
tion^  
Yield 
ratio 
Kernel wt 
ratio^  
Field 
rust 
reac­
tion 
Yield 
ratio 
Kernel wt 
ratio 
Midseason maturity 
X423 R 0.985 0.894 NS R 0.769 0.886 NS 
X#7 MR 1.096 0.830 NS MR 0,900 0,858 NS 
X270 R 0.824 0,865 NS R 0,794 0.917 NS 
XII7 R 0.972 0.891 NS R 0.882 0,843 NS 
C.I.7555 R 1.884 0.837 NS R 0,620 0,830 NS 
Early maturity 
X469 R 0,852 0,842 ab R 0,756 0,807 be 
X541 R 0.665 0.897 a R 0.698 0.864 a 
X434 R 0.930 0,874 ab R 0.776 0.833 ab 
X550 R 0,894 0,827 b R 0,795 0.791 c 
c 51,79?0 R 0 - 940 0,828 b R 0,832 0,768 c 
a resistant; MR = moderately resistant. 
R^atios with the same letter do not differ from each other 
at the 0.05 level of significance (Duncan's multiple range 
test); NS = nonsignificant P test. 
Table 5« Summary of rust reactions and of average yield, 
kernel wt, and kernel density ratios from oat ex­
periments inoculated with crown rust races 26^ A, 
264B, and 326 
Race 26kk 
Isoline 
Field 
rust 
reac­
tion®' 
Yield 
ratio 
Kernel wt 
ratio^  
Kernel 
density 
ratio 
Field 
rust 
reac­
tion 
Yield 
ratio 
Midseason maturity 
X423 MS 0.942 0.816 b 0,940 ab MS 0.660 
MS 0.108 0.852 ab 0,940 ab MS 0,637 
X270 MR 0.787 0.911 a 0.962 a R 1.009 
XII7 R 0,892 0.876 ab 0.963 a R 0.971 
C.I.7555 S 1.087 0.735 0 0.918 b S 0.661 
Early maturity 
X469 MR 0.773 0.723 b 0,827 NS MR 0.830 
X541 MR 0.881 0.915 a 0.948 NS MS 0.923 
X434 MS 1,026 0.943 a 0.944 NS MR 0.971 
X550 R 0.887 0.925 a 0.966 NS R 1,287 
c.I,7970 3 0,731 0.821 ab 0.937 NS S 0 « 685 
= resistant; MR = moderately resistant; MS = moderate­
ly susceptible; S = susceptible, 
^^ tios with the same letter do not differ from each 
other at the 0,05 level of significance (Duncan's multiple 
range test); NS = nonsignificant P test. 
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Race 264b Race 326 
Field 
Kernel rust Kernel 
Kernel -wt density reac- Yield Kernel wt density 
ratio ratio tion ratio ratio ratio 
0.744 b 0.889 b R 0.751 0.845 a 0,984 a 
0,702 b 0.873 b S 1.086 0,694 b 0.892 b 
0,878 a 0.975 a R 0.859 0,838 a 0,958 a 
0,877 a 0.962 a R 1.070 0,884 a 0,964 a 
0,719 b 0.904 b MS 1.331 0,662 b 0,858 c 
0,829 ab 0.924 ab MR 0,883 0,867 b 0,939 ab 
0.779 be 0.904 be S 1.079 0,783 c 0,911 b 
0,856 a 0.933 a R 0.849 0.929 a 0.979 a 
0.885 a 0,946 a MS 1.062 0.866 b 0,926 b 
0,758 c 0.884 c MS 1.029 0.789 be 0,915 b 
Table 6. Summary of rust reactions and of average yield, 
kernel wt, and kernel density ratios from oat ex­
periments inoculated •with crown rust races 290, 
295f 321, and 42? 
Race 290 Race 
Isoline 
Field 
rust 
reac­
tion®' 
Yield 
ratio 
Kernel wt 
ratio^  
Kernel 
density 
ratio 
Field 
rust 
reac­
tion 
Yield 
ratio 
Midseason maturity 
X423 R 0.842 0.951 a 0.983 a R 0.893 
X447 MS 1.118 0.878 b 0.935 b MS 1.084 
X270 R 0,941 0,972 a 0.985 a R 0.841 
X117 R 0.895 1.004 a 0.992 a R 0.793 
c.1.7555 S 1.382 0.751 c 0,922 b S 1.043 
Early maturity 
X469 R 0.854 0,956 a 0.966 a MR 1.033 
X541 R 0.910 0,914 ab 0.966 a S 0.824 
X434 R 0,878 0.905 ab 0.959 ab R 0.689 
X550 MS 1,046 O.8I7 c 0.915 c MS 0,732 
C.I.7970 MR 1.047 0.853 be 0.939 be MR 0.903 
"R n resistant; MR = moderately resistant; MS = moderate­
ly susceptible; S = susceptible, 
R^atios with the same letter do not differ from each 
other at the 0,05 level of significance (Duncan's multiple 
range test); NS r, nonsignificant F test. 
4? 
m. 
Kernel wt 
ratio 
Race 321 
Field 
rust 
reac- Yield 
tion ratio 
Kernel wt 
ratio 
Race 427 
Field 
rust 
reac- Yield 
tion ratio 
Kernel wt 
ratio 
0.856 ab R 0.838 0.931 a R 0.756 0.900 a 
0.786 bc MR 1,006 0.848 b MS 0.837 0.869 ab 
0,894 a R 0,717 0.955 a R 0,814 0.940 a 
0.889 a MS 1.057 0.751 c R 0.930 0.934 a 
0.764 c S 1,013 0.772 c S 0.902 0.807 b 
0,869 NS MS 0,718 
0
 
O
s
 CO 0
 NS MS 0.836 0.836 NS 
0,866 NS S 0,712 0.917 NS S 1.033 0.769 NS 
0,902 NS MS 0.713 0.919 NS R 0.691 0.894 NS 
0,816 NS MS 0,833 
00 0
 NS MS 0.629 0.839 NS 
0
 
00
 
00
 
NS MS 0,811 0.886 NS S 0.751 0.810 NS 
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Race group 202 This group Includes races 202, 20], 
and 205• The Landhafer gene carried "by all isolines, including 
the recurrent parents, conditions resistance to these races. 
Wldseason genetic background Isolines carrying 
resistance genes in addition to the Landhafer gene had higher 
kernel wt ratios than their recurrent parent for races 202 and 
203; also, X423, X447, and X270I (but not Xll?) had higher 
kernel wt ratios than C.I. 7555 for race 205 (Table 3; Fig. 2a). 
The resistance in Xll? was mainly due to the Landhafer gene 
alone because race 205 matched the Sala resistance from C.I, 
7232. However, the data were not significant except for race 
203 (Appendix Table 20). For race 203, X423 had significantly 
better resistance than X447 or the recurrent parent. Isolines 
X27OI and XII7 also showed significantly better resistance 
than the recurrent parent. X447 did not differ significantly 
from the recurrent parent. For race 202, all the lines (except 
X447) that had been superior to their recurrent parent in ker­
nel wt ratio also were superior in kernel density ratio. How­
ever, the data were not significant. X447 showed slightly 
less resistance than its recurrent parent as shown by kernel 
density ratios. 
Early genetic background No significant differ­
ence was observed in either kernel wt or kernel density ratios 
between isolines and their recurrent parent (Table 3: Fig. 2a, 
b). Kernel wt ratios were even higher in the recurrent parent 
in some cases than in lines carrying another crown rust resis-
Fig. 2a. Kernel weight ratios of midseason and early oat isolines compared with 
that of their recurrent parents. Inoculated with crown rust races 202, 
203, and 205. "S" indicates Isolines significantly different from 
their recurrent parents at the 0.05 level (Duncan's multiple range test) 
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Fig. 2b,, Kernel density ratios of midseason and early oat 
isolines compared with that of their recurrent 
parents. Inoculated with crown rust race 202 
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tance gene. 
Race group 216 This group includes races 213A and 2l6. 
Again, the Landhafer resistance carried by both genetic back­
grounds is effective against these races. 
Early genetic background For race 213A, 
X5^1 showed resistance significantly superior to that of its 
recurrent parent and to X550 (Table 4; Fig. 3; Appendix Table 
21). Isolines X469 and X434 also had better resistance than 
their recurrent parent and X550i but the differences were not 
significant. C.I. 7970 and X550 did not differ significantly, 
indicating that the additional gene did not contribute much 
resistance. Otherwise there was increased resistance with an 
extra gene. 
For race 2l6, although all five lines were rated resis­
tant, however, X^^l exhibited resistance significantly superior 
to that of its recurrent parent, and to X469 and X550. The 
Avena sterilis-derived line X434 had resistance significantly 
superior to that of its recurrent parent and also to 
X550» Isolines X469 and X550 did not differ significantly from 
their recurrent parent (Table 4; Fig, 3; Appendix Table 22). 
However, there was increased resistance in individual isolines 
to that of their recurrent parent with the additional crown 
rust resistance genes. 
Race group 264A For this discussion, race 3^6 has been 
classified In race group 264 because it is almost as virulent 
as races 264a and 264b on Victoria and Landhafer. 
Pig, 3» Kernel weight ratios of midseason and early oat 
isolines compared with that of their recurrent 
parents. Inoculated with crown rust races 213a 
and 216, "8" indicates isolines significantly 
different from their recurrent parents at the 
0,05 level (Duncan's multiple range test) 
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Mldseason genetic background Kernel wt and 
kernel density ratios have been presented In Table 5 and Fig. 
4a and b. It Is evident from kernel wt ratios that resistance 
In the four isollnes to race 264a was significantly superior 
to that of their recurrent parent (Appendix Table 23). This 
correlated with the field rust reactions. X270 also showed 
better resistance than did Xll? and and Xll? and X447 
had better resistance than X423; in no case, however, was the 
difference significant. 
The same trend was observed for kernel density ratios for 
this race. The resistance in X270 and Xll? was significantly 
superior to that of their recurrent parent (Appendix Table 24). 
This also correlated with the field rust reactions. There was 
no significant difference among X423, X447, X270, and X117. 
Isollnes X423, X447, and C.I. 7555 did not differ significantly, 
indicating that race 264a matches the crown rust resistance 
gene carried by these lines. 
As indicated by both the kernel wt and kernel density 
ratios, the race 264b resistance conferred by c.i. 8079 in 
X270 and by c.i. 7232 in X117 is significantly superior to that 
in X423, X447, and in the recurrent parent (Table 5; Fig. 4a, 
b; Appendix Tables 25, 26), This correlated with the field 
rust reactions. No significant difference was observed among 
X423, X447, and the recurrent parent c.I. 7555» By both 
criteria, resistance of X447 was even less than that of its 
recurrent parent. However, there were some differences among 
Pig. 4a, Kernel weight ratios of midseason and early oat isolines compared with 
that of their recurrent parents. Inoculated with crown rust races 264A, 
26H-Bt and 326, "8" indicates isolines significantly different from their 
recurrent parents at the 0.05 level (Duncan's multiple range test) 
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recurrent parents at the 0.05 level (Duncan's multiple range test) 
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X423, X447, and C.I. 7555 as regards their field rust reactions. 
For race 326, the kernel wt ratios for Xll?, X423, and 
X270 were significantly higher than those for X447 and C.I. 
7555, indicating significantly superior resistance in the 
first three isolines (Table 5; Pig. 4a; Appendix Table 27). 
This also was in correlation with the field rust reactions. 
No significant differences were observed either among X117, 
X423, and X270 or between X447 and C.I. 7555. However, there 
was increased resistance in all four isolines compared to that 
of their recurrent parent. 
The same trend was observed with kernel density ratios for 
race 326 except that X447 showed significantly better resis­
tance than that of its recurrent parent, This was not detected 
by kernel wt ratios (Table 5: Fig. 4b; Appendix Table 28). 
Again, there was correlation between field rust reactions and 
kernel density ratios for isolines X117, X270, and X423 (but 
not for X447 and C.I. 7555). 
Early genetic background Except for X469, there 
was Increased resistance to race 264a in the isolines in com­
parison to their recurrent parent as indicated by kernel wt 
and kernel density ratios. The resistance of X469 was even 
less than that of its recurrent parent (Table 5; Fig. 4a, b; 
Appendix Table 29). The differences, however, were not sig­
nificant (except that X434, X550, and X54l showed significantly 
better resistance than X469 in terms of kernel wt ratios). 
There was no correlation among the kernel wt ratios of the 
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five isolines and their field rust reactions. However, the 
kernel density ratios of X550 and X5^1 (but not of X469, 
and C.I. 7970) correlated with their field rust reactions. 
For race 264B, four Isolines exhibited resistance greater 
than that of their recurrent parent in terms of both kernel 
density and kernel wt ratios. Isolines X550» X^3^i and X469 
had about the same level of resistance, as indicated by kernel 
wt and kernel density ratios, and they were significantly 
superior to their recurrent parent (Table 5; Fig, 4a, b; 
Appendix Tables 30, 31)• X469 and X54l had similar levels of 
resistance, as did X54l and C.I. 7970. Again, there was corre­
lation between kernel wt and kernel density ratios, and field 
rust reactions. 
For race 326, the kernel wt ratio was significantly higher 
for line X434, indicating resistance superior to that of the 
other four isolines (Table 5, Fig. 4a; Appendix Table 32). 
X469 and X550 were significantly different from X54l, but they 
had the same level of resistance among themselves. The recur­
rent parent and X54l had the same level of susceptibility. 
Three isolines (X469, X434, and X550) had resistance greater 
than that of their recurrent parent. There was correlation 
between the kernel wt ratios of all five isolines and their 
field rust reactions. 
Kernel density ratios for race 326 exhibited the same 
trend, except that line X434 was significantly better than 
X550, C.I. 7970, and X54l, but not X469. The last four isolines 
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had the same level of resistance (Table 5; Pig. 4b; Appendix 
Table 33). 
Race group 290 For purposes of discussion, race 42? 
has been classified in race group 290. This group includes 
races 290, 295, 321, and 42?, 
Midseason genetic background Here again, resis­
tance was higher in all four isolines than that of their recur­
rent parent for races 290, 295, 321, and 42? (except X117 for 
race 321). The resistance in X117 was ineffective because 
race 321 carries the matching gene for Sala. 
For race 290, resistance, in terms of kernel wt ratios, 
was significantly superior in the four derived isolines to 
that of their recurrent parent (Table 6; Fig, 5a; Appendix 
Table 34). Isolines X117, X270, and X423 (which had the same 
level of resistance) also were significantly superior to X447. 
There was a correlation between rust reactions and kernel wt 
of all five lines. 
Kernel density ratios showed the same trend except that 
the difference between X447 and C.I. 7555 was not significant 
(Table 6; Fig. 5b; Appendix Table 35)* 
For race 295, as indicated by kernel wt ratios, the four 
isolines again showed better resistance than that of their 
recurrent parent. Resistance of X117, X270, and X423 was 
significantly superior to that of their recurrent parent 
(Table 6; Fig. 5a; Appendix Table 36). Isolines X447 and X423 
had similar levels of resistance, as did the lines X447 and 
Pig, 5®» Kernel weight ratios of mldseason and early oat 
Isolines compared with that of their recurrent 
parents. Inoculated with crown rust races 290, 
295» 321 and 427, "S" Indicates Isolines signifi­
cantly different from their recurrent parents at 
the 0,05 level (Duncan's multiple range test) 
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Pig, 5b. Kernel density ratios of midseason and early oat 
Isolines compared with that of their recurrent 
parents. Inoculated with crown rust race 29O. 
"S" indicates isolines significantly different from 
their recurrent parents at the 0,05 level (Duncan's 
multiple range test) 
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Col. 7555' Here again this was correlated with the field 
rust reactions. 
For race 321, X270, and X^23 had the same level of resis­
tance, in terms of kernel wt ratios, and it was significantly 
better than that in X447, X117, and the recurrent parent (Table 
6; Fig, 5a! Appendix Table 37). Also X447 had significantly 
better resistance than X117 and C.I. 7555» which had the same 
level of resistance. There was higher resistance in X423, X447, 
and X270 (but not in X117) than that of their recurrent parent. 
This correlated with the field rust reactions. 
For race 427, the level of resistance in X270, X117, X423, 
and X447 was similar and the first three showed resistance sig­
nificantly superior to that of their recurrent parent (Table 6; 
Fig, 5a; Appendix Table 38), The resistance carried by X447 
was better than that of its recurrent parent, but the resis­
tance was not significant. This was in correlation with the 
field rust reactions. 
Early genetic background The resistance was high­
er in X469, X541, and X434 (but not in X550 except for race 
427) for races 290, 295, 321, and 42?. 
For race 290, kernel wt and kernel density ratios indi­
cated that the resistance in X469 was significantly superior 
to that in X550 and C.I. 7970 (Table 6; Fig. 5ai b; Appendix 
Table 39)• X469, X54l, and Xkjk had the same level of resis­
tance, as did X541, X434, and C.I. 7970. The resistance carried 
by X541 and X434 was significantly better than that conditioned 
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In X550 by the gene from C.I. 7232. The recurrent parent and 
X550 did not differ significantly. This correlated with the 
field rust reactions. 
The same trend was observed in kernel density data except 
that the resistance in X5^1 and X469 was of the same level, and 
significantly better than that of the recurrent parent and 
X550 (Table 6; Fig. 5b: Appendix Table 40). 
For race 295, no significant difference was observed in 
resistance conditioned by the different genes. However, the 
resistance in X434 conditioned by the gene from C.I. 8079 was 
superior, followed by that of X469 and X54l (Table 6; Fig. 5a). 
The kernel wt ratio of X54l was higher than that of X550 and 
C.I. 7970 even though X54l was rated susceptible in appearance. 
For race 321, X54l (which again was rated susceptible) 
and X434 showed the same level of resistance. Both were 
superior to the other three isollnes (Table 6; Fig. 5a): how­
ever, this difference was not significant. 
For race 427, the resistance carried by X434 was superior 
to that of X55O and X469, which were similar (Table 6: Fig. 5a). 
The difference, however, was not significant. X54l was more 
susceptible than its recurrent parent in terms of kernel wt 
ratio, although both were rated susceptible in appearance. 
Comparison of crown rust resistance genes from a common source 
in different genetic backgrounds 
The kernel wt and kernel density ratios were rearranged 
on the basis of the races used and of the source of resistance. 
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Recurrent parents Rust reactions indicated better 
resistance in early recurrent parent c.i. 7970 than in the 
midseason recurrent parent against races 290, 295i and 321 
(Tables 3» 5i and 6)# However, in most cases, c.i, 7970 
had higher kernel wt and kernel density ratios than c.i, 7555» 
indicating some protection from earllness and the presence of 
some generalized resistance In c.i. 7970 (Fig. 6, 7, 8, 9). 
Ascencao resistance from C.I. 7146 Based on rust re­
actions, midseason recurrent parent X423 exhibited a high type 
of resistance to all races except for its being moderately 
susceptible to races 264A and 264B. In contrast, early iso­
line X469 was rated resistant to race groups 202, 216. and 
race 290, moderately resistant to races 264a, 264B, 295, and 
326, and moderately susceptible to races 321 and 427 (Tables 
3, 4, 5» and 6). Although X423 and X469 both were derived 
from crosses with Ascencao, it also is evident from kernel wt 
ratios (Fig. 6a) that midseason line X423 exhibited signifi­
cantly higher resistance than that of its recurrent parent for 
races 203, 264a, 290, 295, 321, 326, and 427. Early isoline 
X469 was significantly superior to Its recurrent parent only 
for races 264b and 290. Kernel density ratios had the same 
trend except that X423 did not have resistance significantly 
better than that of its recurrent parent for races 202 and 
264a (Fig. 6b). 
Adult-plant resistance from C.I. 7171 Midseason Iso-
llne X447 was visibly resistant to race group 202, moderately 
Pig, 6a. Crown rust resistance (in terms of kernel weight 
ratio) conditioned by genes from C.I. 7146 in mid-
season and early oat isollnes in comparison with 
that of the respective recurrent parent. Inoculated 
with 12 races of crown rust» "S" indicates isollnes 
significantly different from their recurrent parents 
at the 0.05 level (Duncan's multiple range test) 
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Fig, 6b, Crown rust resistance (in terms of kernel density 
ratios) conditioned by genes from C.I. 7146 in 
mldseason and early oat isolines in comparison with 
that of the respective recurrent parent. Inoculated 
with crown rust races 202, 264A, 264B, 290, and 326, 
"S" indicates isolines significantly different from 
their recurrent parents at the 0.05 level (Duncan's 
multiple range test) 
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resistant to race group 216, moderately susceptible to other 
races used In the field, and susceptible to race 326, The same 
trend was observed in early isoline X54l except that it was re­
sistant to race group 2l6 and race 290, moderately resistant 
to race Zikk, and susceptible to races 295, 321, and 42? 
(Tables 3, 4, 5, and 6). In terms of kernel wt ratios (Tables 
3, 4, 5, and 6; Figure 7a), X447 had resistance significantly 
better than that of its recurrent parent only for races 264A, 
290, and 321, while early isollne X54l showed significantly 
better resistance only for races 213A and 2l6. Kernel density 
ratios, in contrast, indicated that X447 was significantly 
superior to its recurrent parent for race 326, and X54l for 
race 290 (Fig. 7%)» In general, it appears that, under the 
conditions of these experiments, parent C.I. 7171 did not con­
tribute much resistance against most of the races studied, 
Avena-sterllis derived resistance from C.I. 8079 From 
visual observations, both the early and mldseason isollnes 
from C.I. 8079 had a high type of resistance against race groups 
202 and 2l6, and races 326, 290, 295, and 42?. However, the 
mldseason Isollne showed, better resistance for races 264A, 264B 
and 321 (Tables 3, 4, 5, and 6), As Indicated by kernel wt and 
kernel density ratios, the resistance in mldseason isoline X270 
was significantly superior to that of its recurrent parent for 
most of the races except 202, 205, 213A,and 2l6 (Fig. 8a and b), 
Early isollne X434 was significantly superior to its recurrent 
parent only for races 2l6, 264b, and 326. 
Pig. 7a. Crown rust resistance (in terras of kernel weight 
ratios) conditioned by the genes from C.I, 7171 in 
midseason and early oat isollnes in comparison with 
that of the respective recurrent parent. Inoculated 
with 12 races of crown rust . "8" indicates isollnes 
significantly different from their recurrent parents 
at the 0.05 level (Duncan's multiple range test) 
77 
midseason 
c3 x447 
• recurrent parent c.i. 7555 
early 
0 x541 
recurrent parent c.i.7970 
o o r n i — s c j - c r ô î m ç ^ c v î c s j  
C M C v j r H C M U D Ï £ ) C M ? 4 ' ^ r O c r  çsj CM CNi 
CROWN RUST RACES 
Pig, 7ti, Crown rust resistance (in terms of kernel density 
ratios) conditioned by the genes from C.I. 7171 in 
midseason and early oat isolines in comparison with 
that of the respective recurrent parent. Inoculated 
with crown rust races 202, 264A, 264B, 290, and 326, 
"S" indicates isolines significantly different from 
their recurrent parents at the 0,05 level (Duncan's 
multiple range test) 
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Pig, 8a. Crown rust resistance (in terms of kernel weight 
ratios) conditioned by the gene from C.I. 8079 in 
midseason and early oat isolines in comparison with 
that of the respective recurrent parent. Inoculated 
with 12 crown rust races. "8" indicates isolines 
significantly different from their recurrent parents 
at the 0,05 level (Duncan's multiple range test) 
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ratios) conditioned by the gene from C.I. 8079 in 
midseason and early oat isolines with that of the 
respective recurrent parent. Inoculated with crown 
rust races 202, 264A, ZSkB, 290, and 326. "S" in­
dicates isolines significantly different from their 
recurrent parents at the O.O5 level (Duncan's 
multiple range test) 
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Sala resistance from C.I. 7232 Visual observations 
showed that the resistance In mldseason Isollne Xll? was highly 
effective against most of the races except race 321. In con­
trast, early Isollne X550 was moderately susceptible to Land-
hafer-attacking races except races 26kk and 264b (Tables 3» 4, 
5i 6). Also, in terms of kernel wt and kernel density ratios, 
XII7 carries significantly better resistance than that of its 
recurrent parent against most of the races except races 202, 
205, 213A, 216, and 321 (Fig. 9a» b). In comparison with its 
recurrent parent, the early Isoline had significantly better 
resistance only for race 264b. 
Growth Chamber Studies 
Rust reactions in the growth chamber 
Reactions at 20 C of the different isolines to crown rust 
races 216, 264B, 290, and 326 are given in Table 7 and Fig. 10, 
11, 12, and 13. Field rust reactions from Tables 4, 5» and 6 
are shown for comparison. 
Comparlson of Isolines containing different crown rust re­
sistance genes and their respective recurrent parents 
Mldseason genetic background Isollne X423 was re­
sistant to races 2l6, 290, and 326 at seedling, juvenile, and 
adult stages of growth, but susceptible at all three stages to 
race 264b. X270 and XII7 were resistant at all stages to 
races 2l6, 264B, and 290, and moderately resistant in the seed­
ling stage to race 326. Resistance to race 326 Increased In 
Fig. 9a* Crovm rust resistance (in terms of kernel weight 
ratios) conditioned by the genes from C.I, 7232 in 
in midseason and early oat isolines with that of the 
respective recurrent parent. Inoculated with 12 
crown rust races. "S" indicates isolines signifi­
cantly different from their recurrent parents at the 
0.05 level (Duncan's multiple range test) 
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Fig, 9b, Crown rust resistance (in terms of kernel density 
ratios) conditioned by the genes from C.I, 7232 in 
midseason and early oat isolines with that of the 
respective recurrent parent. Inoculated with crown 
rust races 202, 264A, 264B, 290, and 326, "S" in­
dicates isolines significantly different from their 
recurrent parents at the 0,05 level (Duncan's multi­
ple range test) 
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Table ?. Reactions® of seedling, Juvenile, and adult plants 
from the growth chamber at 20 C and of adult plants 
from the field to four races of crown rust 
Race 216 Race 264B 
Field Field 
rust rust 
reacc Seed- Juve- reac- Seed- Juve-
Isollne tlon ling nlle Adult tlon ling nlle Adult 
Markton (ck)° 
— — S S S — — S S S 
Mldseason maturity 
X423 R R R R MS S S S 
X447 MR MR MR R MS S S S 
X270. R R R R R R R R 
XII7 R R R R R R R R 
C.I. 7555 R R MS MR S S S S 
Early maturity 
X469 R R R R MR S S S 
X54I R R R R MS S S s 
X434 R R R R MR R R R 
X550 R R R R R R MR R 
C.I. 7970 R R R R S S S S 
= resistant; MR = moderately resistant; MS = moderately 
susceptible; S = susceptible. 
^Fleld rust reactions from Tables 4, 5. and 6. 
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Race 290 
Field 
rust 
reac- Seed- Juve-
tion ling nlle Adult 
Race 326 
Field 
rust 
reac- Seed- Juve-
tlon ling nlle Adult 
S S S S S S 
R R R R R R R R 
MS S S S S S S S 
R R R R R MR R 
R R R R R MR MR R 
S S S S MS S S S 
R MR R R MR S S S 
R S MS MR S S S S 
R R R R R R R R 
MS S MS MR MS S S S 
MR S MR MR MS S S S 
Pig, 10. Reactions of seedling (A), one-month-old (B), and 
adult (C) plants of oat isolines to crown rust race 
216 
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Pig. 11, Reactions of seedling (A), one-month-old (B), and 
adult (C) plants of oat isolines to crown rust 
race 264B 
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Pig. 12. Reactions of seedling (A), one-month-old (B), and 
adult (C) plants of oat Isolines to crowi rust 
race 290 
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Fig. 13, Reactions of seedling (A), one-month-old (B), and 
adult (C) plants of oat isolines to crown rust of 
race 326 
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X270 and Xll? with plant age. X447 and C.I. 7555 were sus­
ceptible at all three growth stages to races 264B, 290, and 
326. For race 2l6, resistance of X447 increased with age. 
C.I. 7555» with the Landhafer gene effective, was rated MS 
as a juvenile, but R and MR as seedling and adult plants, re­
spectively. 
Not only did resistance increase with age of the plants, 
but resistance also increased with age of the tissue. Older 
leaves on the same plant of C.I. 7555, inoculated with race 
216, were more resistant than the younger ones. 
Early genetic background Isolines X469 and X54l 
were resistant to race 2l6, increased in resistance (as much 
as from S to MR) to race 29O with age, and were susceptible 
to races 264B and 326. X434 was resistant to all four races 
at all stages of growth. X550 and recurrent parent C.I. 7970 
was resistant to race 216, but susceptible to race 326. C.I. 
7970 was susceptible also to race 264B. However, there was 
incrsassd resistance (from S to MR) for race 290 in C.I. 7970 
and X550. 
Comparison of crown rust resistance genes from a common 
source in different genetic backgrounds 
Ascencao resistance from C.I. 7146 Both Ascencao 
Isollnes (X423 and X469) were resistant to race 2l6 and suscep­
tible to race 264B (Table 7; Fig. 10a, b, c and 11a, b, c). 
Both also were resistant to race 290; however, X469 was only 
moderately resistant in the seedling stage (Table 7; Fig. 12a, 
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b, c). Their main difference was that XhZJ exhibited very-
good resistance against race 326, but early isollne X469 was 
susceptible (Table 7i Fig. 13a, b, c). 
Adult-plant resistance from C.I. 7171 X5^1 had 
better resistance than X447 for race 2l6 (Fig. 10a, b, c). 
Against race 290, juvenile and adult X5^1 plants were MS and 
MR, respectively (Fig. 12a, b, c). For all other races and 
growth stages, both were susceptible (Table 7; Fig. 11a, b, c 
and 13a, b, c). The main difference, therefore, was to 
race 290. 
Avena sterllls-derived resistance from C.I. 8079 
Both A. sterilis-derived lines X434 and X270 had almost the 
same resistance to the four races. The only difference, a 
minor one, was that X434 had slightly better resistance to 
race 326 than that of X270 (Table 7; Fig. 10, 11, 12, 13). 
Saia resistance from C.I. 7232 X117 had high 
resistance to all the races except 326. In seedling and 
juvenile stageS; X117 was moderately resistant to race 326, 
but It was resistant in the adult stage (Table 7; Fig. 13a, 
b, c). In contrast, X550 was resistant in all growth stages 
only to race 2l6 (Fig. 10a, b, c). X550 was resistant to 
race 264B, but MR on juvenile plants (Fig. 11a, b, c); S to 
MR with age to 290 (Fig. 12a, b, c); and susceptible to 326 
(Table 7; Fig. 13a, b, c). 
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stability of resistance under high temperature and nitrogen 
conditions 
It Is well documented that host-parasite interactions 
involving crown rust express themselves as Infection types 
which are influenced by environmental factors. Either high 
temperature or excess nitrogen may change the Infection type. 
This study was undertaken to determine the effect of varying 
levels of temperature and nitrogen on infection types, and 
whether these changes in infection type will throw some light 
on the resistance and virulence potential of the host and 
pathogen, respectively. 
Oat seed germinated well and plants had normal vigor. 
Plants grown under high temperature and nitrogen conditions 
were darker green than the checks. Plants that served as 
checks did not receive any nitrogen and were kept at 18 C. 
Uredia developed 5 days earlier at high temperature than at the 
lower temperature. Notes on rust development were obtained 
from plants at the higher temperature 10 days after inoculation 
and from plants at the lower temperature 13 days after inocu­
lation. 
Rust reactions commonly vary within resistant or suscepti­
ble classes with different environments, and such changes are 
not considered shifts in response. Reactions that differed 
between classes, i.e., from R or MR to MS or S, are considered 
as breakdowns of resistance, and these are underlined in 
Table 8. 
Table 8. Ractions^ of seedlings of different Isollnes to 
races of crown rust In the growth chamber at 18 C 
and 27 C 
Isoline 
Race 216 Race 264b 
No N + . N No N + N 
18 C 27 C 18 C 27 C 18 C 27 C 18 C 27 C 
Markton (ck) S S S S S S S S 
Midseason maturity 
x423 R R R R MS S MS S 
R MR R MS MS s MS S 
X270 R R R R R MR R MS 
XII7 R R R R R R R R 
C.I. 7555 MR MR MR MR S S S S 
Early maturity 
X469 R R R R MR S MR S 
X541 R R R R MS S MS 3 
X434 R R R R MR MR MR MR 
X550 R R R R R R MR R 
C.I. 7970 R R R R S S S S 
R = resistant; MR = moderately resistant; MS = moderately 
susceptible; S = susceptible. Reactions underlined indicate a 
shift of between classes (e.g., from R or MR to MS or S) 
following high temperature or nitrogen treatment. 
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Race 290 Race 326 
No N + N No N + N 
18 C 27 C 18 C 27 C 18 C 27 C 18 C 27 c 
S S S S s S s S 
R R R R R R R R 
S S S S S S S S 
R R R MS R MS R MS 
R R R R R M5 R W 
S S S S S W S ÏÏ 
R MS MR S MR s MR S 
S S S S S s S s 
R R R MS R R R MS 
S S S S" S s S S" 
S S S s S s S S 
100 
The early Ascencao-derlved Isollne (X469) was most un­
stable, followed by X270. In contrast, host-parasite Inter­
actions on the midseason Ascencao-derlved isollne (X423) 
appeared completely stable under conditions of these experi­
ments (Fig. I4b, c), 
Interactions between race 326 and four isolines (X270, 
X117f X469, and X^3^) were unstable (Fig. l4a, d). In con­
trast, only one interaction Involving race 216 lacked stability. 
High temperature seemed to be the cause of breakdown be­
tween X469 and races 264B, 290, and 326; and also between X270 
and XII7 and race 326. High nitrogen in conjunction with tem­
perature influenced some of the above mentioned reactions, and 
seemed to be the dominant influence in the breakdown involving 
race 2l6 on X447, 264B on X27O, and X434 to races 290 and 326. 
Number and size of structures formed in the establishment of 
infection and development of uredla 
The infection process, from germination of urediospores 
to formation of uredla, was studied to find out if possible 
the stage at which the crown rust resistance genes express 
themselves, and the possible mechanism of resistance. Exterior 
surfaces of seedling and adult leaves from the different iso­
lines were examined to determine if differences occurred among 
races 2l6, 264B, 290, and 326 (representing the most prevalent 
race groups) for percentage of spores germinated, germ-tube 
length, percentage of appressoria formed, percentage of 
appressoria over stomata, and percentage of appressoria to 
Pig, 14. Results of interaction between crown rust and oat isolines at 65 and 80 P 
and low and high nitrogen 
(A) Race 326 on X434 and X270 
(B) Race 290 on X434 and X270 
(C) Race 290 on X469 and X423 
(D) Race 326 on Xll? and X550 
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discharge their protoplasts. Percentage of substomatal 
vesicles formed, hyphal growth rate, and uredia size were 
studied after clearing leaves inoculated with races 290 and 
326, representing less virulent and the most virulent race 
groups, respectively. 
Germination of urediospores The germination percentage 
of urediospores was not correlated with host resistance; 
urediospores germinated equally well on resistant and sus­
ceptible isolines (Table 9). In general, however, germination 
was better on seedling than on adult leaves except for race 
216. Germination also was slightly better on leaves of the 
midseason isolines than on those of the early isolines. 
Urediospores of race 326 germinated best, followed by those 
of races 216, 264B, and 290 in both genetic backgrounds. 
Germ-tube length There was no apparent correlation 
between resistance and germ-tube length (Table 10). Race 2l6 
had the longest germ tubes followed by races 326, 290, and 
264B on leaves of both early and midseason isolines. In gen­
eral, the germ tubes were longer on adult than on seedling 
leaves. 
Appressorlua formation Appressorium formation did not 
appear to be correlated with :iost resistance (Table 11). The 
percentage of germinated urediospores to result in production 
of appressoria was highest for races 326 and 264B followed by 
races 29O and 216 in both genetic backgrounds. In general, 
more appressoria formed on seedling than on adult leaves. 
Table 9- Average germination percentage of urediospores of four different races of 
crown rust on seedling and adult leaves of early and midseason oat iso-
lines 48 hours after inoculation 
Race 216 Race Z6kB Race 290 Race 326 x 
Seed- Seed- Seed- Seed- Seed- x 
Isoline ling Adult ].lng Adult ling Adult ling Adult ling Adult isoline 
Markton (ck) 44 46 55 38 52 35 65 56 54 44 49 
Midseason maturity 
X423 51^ 38 63 35 37 33 72 43 56 37 46 
37 62 49 52 43 47 68 51 49 53 51 
X270 49 54 47 48 57 51 78 59 58 53 55 
XII7 30 68 54 40 46 43 74 40 51 48 49 
C.I. 7555 25 71 50 43 40 38 63 35 44 47 45 
X 38 59 53 44 45 42 71 46 52 48 
X 48 48 43 58 49 
Early maturity 
X469 71 68 47 19 45 26 66 61 57 43 50 
X541 52 38 37 55 18 41 45 72 35 51 43 
X434 52 64 bO 31 33 54 61 47 51 49 50 
X550 30 34 36 49 47 36 40 45 38 41 39 
C.I. 7970 39 59 65 28 60 23 51 59 54 42 48 
5c 47 53 49 36 41 36 53 57 47 45 
X 50 42 38 55 46 
^Average germination percentage from 3 microscopic fields (each 0.1018 mm^) 
selected at random from es.ch of the 3 leaves from 3 different plants. 
Table 10. Average length of germ-tubes from urediospores of four different races of 
crown rust on seedling and adult leaves of early and mldseason oat iso-
lines 48 hours after inoculation 
Race 216 Race 264b Race 290 Race 326 X 
S eed— Seed­ S eed— Seed­ Seed­ X 
Isoline ling Adult ling Adult ling Adult ling Adult ling Adult isoline 
Markton (ok) 462 271 186 217 272 257 197 248 279 248 263 
Midseason maturity 
x423 243* 157 223 233 193 215 220 290 220 224 222 
x4-47 183 392 221 204 183 196 229 237 204 257 230 
x270 183 237 174 210 161 246 320 272 209 241 225 
Xll? 249 261 195 362 202 312 158 187 201 280 240 
C.I. 7555 436 228 222 203 154 4o3 189 182 250 254 252 
X 259 255 207 242 179 274 223 234 217 251 
X 257 224 226 228 234 
Early maturity 
x469 288 298 214 210 204 278 306 241 253 257 255 
x541 328 233 169 214 220 276 265 292 245 254 249 
x434 226 306 224 192 197 235 298 267 236 250 243 
x550 260 276 258 202 142 234 206 318 216 257 236 
C.I. 7970 445 280 284 151 203 233 229 311 290 244 267 
X 309 279 230 194 193 251 261 286 248 252 
X 294 212 222 273 250 
^Avers.ge germ-tube length in microns from 3 microscopic fields (each 0.1018 mm^) 
at random from each of 3 leaves from 3 different plants. 
Table 11. Average percentage of germinated uredlospores at four different races of 
crown rust to produce appressorla on seedling and adult leaves of early 
and mldseason oat Isollnes 48 hours after Inoculation 
Race 216 Race ZSUB Race 290 Race 326 x 
Seed— £)0ed-" Seed— Seed— Seed— x 
Isollne line Adult ling Adult ling Adult ling Adult ling Adult Isollne 
Markton (ck) 87 51 76 69 29 56 68 42 65 54 59 
Mldseason maturity 
X423 54a 42 75 90 76 69 65 69 67 67 67 
78 57 77 33 39 45 78 65 68 50 59 
X270 30 47 55 48 62 38 63 86 52 55 53 
XII7 38 43 b9 41 58 73 56 52 55 52 53 
C.I. 7555 49 32 64 57 71 31 34 67 54 47 50 
X 50 44 68 54 61 51 59 68 59 54 
X 47 61 56 63 56 
Early maturity 
X^•69 38 56 86 80 45 51 38 76 52 66 59 
X5^1 36 47 73 78 62 34 70 60 60 55 57 
X434 75 58 84 70 35 48 79 71 68 62 65 
X550 67 33 74 58 40 30 87 68 67 47 57 
C.I. 7970 70 63 59 76 66 45 81 46 69 57 63 
X 57 51 75 72 50 42 71 64 63 57 
X 54 73 46 67 60 
Average percentage of appressorla formed from germinated uredlospores from 3 
microscopic fields (each 0,1018 mm^) at random from each of 3 leaves from 3 differ 
ent plants., 
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Appressorla over stomata The percentage of appres-
soria formed over stomata was not correlated with host resis­
tance (Table 12). In the midseason genetic background, races 
216, 264B, and 326, and in the early series race 326 had a few 
more appressoria over stomata on adult leaves than on seedling. 
Race 326 produced the most appressorla over stomata followed 
by races 264B, 2l6, and 290. 
Discharge of contents of appressoria The percentage of 
appressoria to discharge their contents indicating the forma­
tion of substomatal vesicles was not correlated with host re­
sistance (Table 13). Appressoria from races 326 and 2l6 dis­
charged their contents slightly more in seedling than in adult 
leaves, while race 264B showed markedly better discharge in 
adult leaves in both genetic backgrounds. However, appressoria 
of race 290 discharged their contents more in adult leaves only 
in the midseason genetic background. 
Substomatal vesicle formation The percentage of sub­
stomatal vesicles formed by races 290 and 326 was not corre­
lated with host resistance (Table 14). Superior substomatal 
vesicle formation occurred in adult than in seedling leaves. 
With race 326, a few more substomatal vesicles formed in the 
midseason background, while the opposite was true with race 290. 
Table 12. Average percentage of appressoria formed over stomata by four different 
races of crown rust on seedling and adult leaves of early and midseason 
oat isolines 48 hours after inoculation 
Race 216 Race 264E Race 290 Race 326 X 
Seed­ £ioed- Seed­ Seed­ Seed­ X 
Isoline ling Adult llng Adult ling Adult ling Adult ling Adult isoline 
Markton (ck) 100 89 92 95 90 86 97 87 95 89 92 
Midseason maturity 
X423 85^ 100 84 98 100 65 94 90 91 88 89 
71 91 96 93 95 68 100 88 90 85 87 
X270 100 79 61 78 91 100 85 100 84 89 86 
X117 62 73 100 90 79 81 93 97 83 85 84 
C.I. 7555 75 93 79 85 96 72 81 100 83 87 85 
X 79 87 84 89 92 77 91 95 86 87 
X «3 86 84 93 86 
Early maturity 
X469 98 100 99 73 93 88 91 97 95 89 92 
X541 89 75 96 93 100 77 100 95 96 85 90 
X434 94 71 100 87 67 68 75 82 84 77 80 
X550 91 92 94 78 96 73 93 89 93 83 88 
C.I. 7970 78 83 88 71 80 64 64 100 77 79 78 
X 90 84 95 80 87 74 85 93 89 83 
X 8 7 87 80 89 86 
^Average percentage of appressoria formed over stomata from 3 microscopic 
fields (each 0.1018 mm ) at random from each of 3 leaves from 3 different plants. 
Table 13. Average percentage of appressoria of four different races of crown rust 
to discharge their contents in seedling and adult leaves of early and 
midseason oat i solines 48 hours after inoculation 
Race 216 Race 264B Race 290 Race 326 x 
Seed- Seed- Seed- Seed- Seed- x 
Isoline ling Adult ling Adult ling Adult ling Adult ling Adult isoline 
Markton (ck) 67 32 55 95 42 67 82 71 61 66 63 
Midseason maturity 
XU23 77^ 54 38 98 55 45 42 50 53 62 57 
56 58 40 91 41 53 60 36 49 59 54 
X270 59 37 54 100 38 50 52 42 51 57 54 
XII7 54 28 57 89 45 28 59 35 54 45 49 
C.I. 7555 38 46 48 93 31 56 47 58 41 63 52 
X 57 45 47 94 42 46 52 44 50 57 
X 51 70 44 48 53 
Early maturity 
x469 76 53 31 50 79 71 35 41 55 54 54 
X54l 4-6 49 44 100 89 77 49 35 57 65 61 
X434' 58 34 35 76 64 39 71 39 57 47 52 
X550 50 61 41 86 55 43 52 49 49 60 54 
C.I. 7970 43 64 56 83 39 65 65 51 51 66 58 
X 55 52 41 79 65 59 54 43 54 58 56 
X 53 60 62 48 56 56 
^Average percentage of the appressoria over stomata to discharge their con­
tents. Counts were made from each of 3 leaves from 3 different plants. 
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Table l4. Average percentage of substomatal vesicles formed 
from germinated uredlospores of two races of crown 
rust on seedling and adult leaves of early and 
mldseason oat Isolines 48 hours after Inoculation 
Race 290 Race 326 x 
Seed- Seed- Seed- x 
Isollne ling Adult ling Adult ling Adult isoline 
Markton (ck) 46 53 67 65 56 59 57 
Mldseason maturity 
X423 30^ 82 62 64 46 73 59 
X447 37 56 46 76 41 66 53 
X270 43 59 67 70 55 64 59 
XII7 35 71 35 56 35 63 49 
C.I. 7555 39 47 51 74 45 66 55 
X 37 63 52 68 44 66 
X 50 60 56 
Early maturity 
X469 41 65 31 68 36 66 51 
X541 50 63 52 57 51 60 55 
X434 29 54 64 63 46 58 52 
X550 55 72 57 48 56 60 58 
C.I. 7970 48 58 74 53 61 55 58 
X 45 62 56 58 50 60 
X 53 57 57 
^Counts of substomatal vesicles formed were made from 3 
microscopic fields (each O.IOI8 mm ) at random from each of 
3 leaves from 3 different plants. 
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Hyphal length 
Comparlson of different crown rust resistance genes 
and their recurrent parents In early and mldseason 
genetic backgrounds Mldseason genetic "background» 
For race 290, no significant difference was observed In the 
mean length of the longest hypha per infection site in cleared 
seedling leaves of mldseason isolines 48 hr after inoculation. 
At 96 hr the resistance and susceptibility potential of the 
host began to differentiate, and eventually significantly 
longer hyphae developed on susceptible isolines (Table 15; 
Fig. 15a; Appendix Table 4l). Hyphal growth was inhibited 
in X423 from the beginning, and on X270 and Xll? after 192 
hr, Indicating their resistance. 
Almost the same trend was observed for the hyphal growth 
of race 290 in adult leaves except that significant differences 
in hyphal length were observed as early as 48 hr-after inocula­
tion, and no significant difference was observed in the length 
of hyphae 240 hr after inoculation on adult leaves of X270 
XII7 as in seedling leaves (Table I6; Fig. 15b; Appendix Table 
41). 
For race 326, almost the same trend of hyphal growth was 
observed on seedling leaves of mldseason isolines as for race 
POn r\yy +: 1 ootroc! ( o 1 "7. Plof. lAo* A-nnonrl 1 TT TaViT o ZtT 1 
except (1) hyphal growth was more vigorous for race 326, and 
(2) the recurrent parent was as susceptible as Markton. 
In adult leaves, race 326 had almost the same trend of 
Table 15. iiverage length®-of the longest hypha per infection site of crown rust 
race 290 In seedling leaves of early and midseason oat isolines at 
different times after inoculation° 
Hours after inoculation 
Isoline 48 96 144 192 240 
Midseason maturity 
X423 68.4 a 83.2 c 83,2 c 84,8 d 108,8 e 
204.0 a 333.6 b 1094.8 a 1328,0 b I806.0 b 
X270 67.2 a 134,0 c 513.6 b 886,4 c 969.2 d 
X117 136,4 a 150.8 c 610.8 b 1179.2 b 1183.6 c 
C.I. 7555 218,8 a 642,0 a 954.4 a 1576.0 a 1325.6 a 
Markton (ck) 198,4 a 677.6 a 923.2 a 1612.8 a 2201.2 a 
Early maturity 
X469 84,4 a 237.6 c 405.2 d 934.0 c 1212.8 d 
X541 190,8 a 434,0 b 838,0 ab 1602.8 a 2064.4 ab 
X434 204.0 a 414,0 b 649.6 c 876.0 c 1126.8 d 
X550 222,4 a 282.4 b 565,6 be 1477,6 ab 1878.8 b 
C.I. 7970 204,8 a 400,4 b 1012.4 a 1338.8 b 1423.2 c 
Markton (ck) 198.4 a 677.6 a 923.2 ab 1612,8 a 2201.2 a 
^Average hyphal length in microns from 10 isolated infection sites taken at 
random from three leaves from three different plants, 
^Hypha]. lengths with the same letter do not differ from each other at the 
0.05 level of significance (Duncan's multiple range test). 
Fig, 15a. Average length of the longest hypha per infection 
site of crown rust race 29O in seedling leaves of 
midseason oat isolines at different times after 
inoculation 
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Table l6. Average length'^ of the longest hypha per infection site of crown rust 
race 290 in leaves of adult plants of early and midseason oat isolines 
at different times after inoculation 
Hours after inoculation 
Isoline 48 96 144 192 240 
Midseason maturity 
X423 51.6 b 62.4 c 65.6 d 71.6 c 74.8 d 
178.4 ab 350.0 b 884.4 b 1551.2 a 1628.8 b 
X270 74.8 b 91.2 c 225.6 cd 298.8 b 358.0 c 
XII7 116.4 ab 127.2 c 255.6 c 324.8 b 431.6 c 
C.I. 7555 190.0 ab 668.4 a 1060.4 a 1376.4 a 2187.2 a 
Markton (ck) 244.4 a 490.0 ab 1187.6 a 1686.4 a 2206.4 a 
Early maturity 
Xi+69 142,4 a 282.4 be 403.6 d 616.0 d 667.6 d 
X541 208.4 a 409.6 ab 884.8 b 1119.6 c 1432.0 c 
X434 82.8 a 147.6 c 198.8 e 215.2 e 246.0 e 
X550 160.4 a 365.2 ab 618.4 c 1354.4 b 1632.8 b 
C.I. 7970 74.8 a 303.2 abc 408.8 d 758.0 d 778.0 d 
Markton (ck) 244 ,.4 a 490.0 a 1187.6 a 1686.4 a 2206.8 a 
^Average hyphal length in microns from 10 isolated infection sites taken at 
random from three leaves from three different plants. 
^Hyphal lengths with the same letter do not differ from each other at the 
0,05 level of significance (Duncan's multiple range test). 
Fig. 15t>. Average length of the longest hypha per infection 
site of crown rust race 290 in leaves of adult 
plants of midseason oat isolines at different times 
after inoculation 
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Table 1?. Average length'® of the longest hypha per infection site of crown rust 
race 326 in the seedling leaves of early and midseason oat isolines 
at different times after inoculation" 
Hours after inoculation 
Isoline 48 96 144 192 240 
Midseason maturity 
X423 62.8 b 81.2 b 118.8 c 152.4 f 172.4 d 
X447 202,8 ab 605.2 a 1052.8 b 1534.0 c 2526.8 b 
X270 145.2 b 221.6 b 496.0 c 796.4 e 1160.8 c 
X117 205.2 ab 214.8 b 378.4 c 1024.4 d 1218.4 c 
C.I. 7555 3 4 8 4  a 557.2 a 1455.2 a 1836.4 b 2751.2 a 
Markton (ck) 217.6 ab 636.0 a 1420.0 a 2030.8 a 2846.4 a 
Early maturity 
X469 2216 a 254.8 be 571.2 c 1078.4 c 1255.6 c 
X541 234.4 a 444.8 ab 998.8 b 1402.8 b 2016.4 b 
X434 210.0 a 242.0 c 392.0 c 726.8 d 922.4 d 
X550 239.2 a 316.8 be 1057.6 b 1526.4 b 2224.0 b 
C.I. 7970 218,.0 a 284.0 be 1465.2 a 2175.6 a 2985.2 a 
Markton (ck) 217.6 a 636.0 a 1420.0 a 2030.8 a 2846.4 a 
^Average hyphal length in microns from 10 isolated infection sites taken at 
random from three leaves from three different plants. 
^Hyphal lenghs with the same letter do not differ from each other at the 0.05 
level of significance (Duncan's multiple range test). 
Fig, 15c. Average length of the longest hypha per infection 
site of crown rust race 290 in seedling leaves of 
early oat isolines at different times after 
inoculation 
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hyphal growth as on seedling leaves except that after 24o hr, 
all five isolines differed significantly among themselves and 
also from the Markton check (Table 18; Fig, l6b; Appendix Table 
4l). Hyphal growth was checked on X423 after 1# hr and after 
192 hr on X270, indicating their resistance. 
Early genetic background; Race 29O had almost the 
same trend of growth in early isolines as in midseason, except 
that recurrent parent C.I, 7970 showed hyphae significantly 
shorter than those of Markton, X^^l, and X550 after 240 hr. 
X434, and X469 did not differ significantly in hyphal length, 
which was the shortest of the five isolines, 240 hr after inocu­
lation (Table 15s Fig. 15c; Appendix Table 42). 
On adult leaves, the same trend of hyphal length was ob­
served except for a few minor differences. After 240 hr, the 
recurrent parent and X469 did not differ significantly as they 
did on seedling leaves (Table I6; Fig. 15d; Appendix Table 42). 
Only X434 supported less hyphal development than X469 and 
C.I. 7970. 
Race 326 grew on seedling leaves of recurrent parent C.I. 
7970 as on Markton (Table 17; Fig. l6c; Appendix Table 42). 
Otherwise, race 326 had the same trend of hyphal growth, with 
few exceptions, as did race 290 on seedling leaves. 
On adult leaves, however; race 326 started significantly 
different growth by 48 hr after inoculation (Table 18; Fig. 
l6d; Appendix Table 42). The recurrent parent, however, showed 
significantly shorter hyphae than that of Markton 192 hr after 
Table 18. Average length®'of the longest hypha per infection site of crown rust 
race 326 in leaves of adult plants of early and midseascn oat isolines 
at different times after inoculation^ 
Hours after inoculation 
Isoline 48 96 144 192 24o 
Midseason maturity 
X423 50.4 b 54.4 c 288.8 c 345.2 d 404.4 f 
X447 321.2 a 431.6 a 931.2 b 1676.8 b 1875.2 c 
X270 47.6 b 258.0 b 394.4 c 962.4 c 986.4 e 
XII7 166,4 ab 420.8 ab 860.0 b 1004.8 c 1157.6 d 
C.I. 7555 313.2 a 542.4 a 920.4 b 1942.8 a 2336.0 b 
Markton (ck) 298.0 a 567.6 a 1338.8 a 2210.0 a 2715.2 a 
Early maturity 
X469 181.2 ab 502.0 a 1140.8 ab 1607.2 c 1856.0 c 
X541 219.2 ab 411.6 ab 850.8 c 1445.2 d 1643.2 d 
X434 53.2 b 283.2 b 351.2 d 422.8 e 508.4 e 
X550 254.4 a 415.2 ab 1021.6 be 1531.6 cd 1710.4 cd 
C.I. 7970 256,8 a 489.2 a 1274.0 a 1856.4 b 2278.4 b 
Markton (ck) 298.0 a 567.6 a 1338.8 a 2210.0 a 2715.2 a 
^Average hyphal length in microns from 10 isolated infection sites taken at 
random from three leaves from three different plants• 
^Hyphal lengths with the same letter do not differ from each other at the 0.05 
level of significajnce (Duncan's multiple range test). 
Pig, 15dt Average length of the longest hypha per infection 
site of crown rust race 290 in leaves of adult 
plants of early oat isolines at different times 
after inoculation 
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Fig. l6b. Average length of the longest hypha per infection 
site of crown rust race 326 in adult leaves of 
midseason oat isolines at different times after 
inoculation 
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Inoculation. X550 and X^ 69 had almost the same length of hy-
phae throughout the infection process. Hyphal length was sig­
nificantly different in X5^ 1 and X434, 144 hr after inoculation. 
Again, X434 supported least hyphal growth. 
Comparison of crown rust resistance genes from a com­
mon source in different genetic backgrounds Ascen-
cao resistance from C« I. 7146; Isolates of races 290 and 326 
grew faster and produced much more extensive ultimate growth 
on seedling and adult leaves of early isoline X469 than on 
leaves of midseason isoline X423 (Tables 15, 16, 1?, and 18; 
Pig. 15a, b, c, d and Pig, l6a, b, c, d). 
Adult-plant resistance from C.I. 7171; Somewhat 
longer hyphae of race 290 were observed on seedling leaves of 
early isoline X54l than on midseason isollne X447 (Table 15; 
Pig. 15 a, c). However, on adult leaves the reverse was true 
(Table 16; Pig. 15b, d). Probably these differences have no 
significance. Race 326 developed appreciably longer hyphae 
on seedling and adult leaves of midseason Isoline X447 than 
on X541 (Tables 17 and 18; Pig, l6a, b, c, d). 
Avena sterilis-derlved resistance from C.I. 8079: 
Hyphae of race 290 were longer on seedlings of X434 than X270 
(Table 15; Pig, 15a, c), but greater growth of hyphae was ob­
served on adult leaves of midseason isollne X270 than that of 
early isollne x434 (Table 16; Pig. 15b). With adult plants, 
however, hyphal growth was not vigorous or extensive on either 
isollne. After starting more slowly on X270, race 326 ulti­
mately grew faster and more extensively on seedling and adult 
leaves of X270 than on those of X434 (Tables 17 and 18; Pig, 
16a, b, c, d). 
134 
Sala resistance from C.I. 7232: Races 290 and 326 
had hyphal growth greatly superior at almost all stages of in­
fection on both seedling and adult leaves of early isoline 
X550 than on raidseason isoline Xll? (Tables I5» I6, I7, 18; 
Fig. 15a, b, c, d and Fig. l6a, b, c, d). 
Recurrent parents 1 Hyphal growth of race 290 on 
both seedling and adult leaves of raidseason recurrent parent 
C.I. 7555 was superior to that of an early recurrent parent 
C.I. 7970 (Tables I5 and I65 Fig. 15a, b). 
After starting growth stronger on C.I. 7555, race 326 
ultimately produced longer hyphae in seedling leaves of C.I. 
7970 than those of C.I. 7555 (Table 17; Fig. ]6a, c). In con­
trast, with adult plants the fast early rate of hyphal growth 
of race 326 on leaves of adult C.I. 7555 were sustained for 
240 hr (Table 18; Fig. l6b, d). Differences in total growth, 
however, were minor. 
Development of uredia The length and width of the 
sporulating area of uredia were measured 24o hr after inocula­
tion in cleared leaves. Uredia were significantly larger in 
seedling than in adult leaves, and race 326 developed larger 
pustules than did race 290 (Appendix Tables 24, 25, 26, 27). 
Comparison of different crown rust resistance genes 
and their respective recurrent parents Midseason 
genetic background ; Race 29O developed significantly larger 
uredia on both seedling and adult leaves of susceptible mid-
season isolines C.I, 7555 and X447 than on the resistant 
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isollnes X27O and X117 (Table 19; Appendix Tables 4], 44). No 
uredla of race 290 were observed on leaves of X423, Race 326 
formed significantly larger uredla on seedling and adult 
leaves of mldseason isollnes X447 and G.I, 7555 than on X270, 
XII7, and X423 (Table 19; Appendix Tables 43, 44). 
Early genetic background: Race 290 developed uredla 
significantly larger on seedling leaves of early Isoline X550, 
X541, and C.I. 7970 than on those of X469 and X434. On adult 
leaves, however, isollnes X550 and X54l had uredla signlcantly 
larger than those on C.I. 7970, X469, and X434 (Table 19; 
Appendix Tables 45, 46). Race 326 formed significantly smaller 
uredla on seedling and adult leaves of X434 than those on the 
other isollnes X541, X469, X550, and C.I. 7970 (Table 19; 
Appdnelx Tables 45, 46). 
Effect of crown rust resistance genes from a common 
source in different genetic backgrounds Ascencao 
resistance from C.I. 7146> Much larger uredla developed on 
both seedling and adult leaves of early Isoline X469 than on 
mldseason isoline X423 (Table 19). 
Adult-plant resistance from C.I. 7171; Races 290 
and 326 formed larger pustules on seedling and adult leaves of 
mldseason Isoline X447 than they did on early Isollne X54l 
(Table 19). 
Avena sterills-derlved resistance from C.I. 8079: 
Uredla of both races 290 and 326 were larger on both seedling 
and adult leaves of mldseason isoline X270 than of early 
Table 19. Average length and width® of uredia of two crown 
rust races on seedling and adult leaves of early and 
midseason oat isolines 240 hours after inoculation^  
Race 290f 
Length Width 
Isoline Seedling Adult Seedling 
Midseason maturity 
X423 
X447 1717.6 ab 1105.6a 436.8 b 
X270 494.8 c 318.8 b 244.4 c 
XII7 279.8 c 472.8 b 151.2 d 
C.I. 7555 1511.2 b 1144.8 a 566.0 a 
Markton (ck) 1919.2 a 1258.8 a 529.6 a 
Early maturity 
X469 696.0 d 343.6 d 274.0 c 
X54l 1053.6 c 1060.8 ab 407.2 b 
X434 519.2 d 240.4 d 210.0 c 
X550 1328.8 b 1000.4 b 432.8 b 
C.I. 7970 1034.8 c 582.4 c 387.6 b 
Markton (ck) 1919.2 a 1258.8 a 529.6 a 
A^verage length and width (in microns) of ten isolated 
uredia taken at random from three leaves from three different 
plants. 
a^ta with the same letter do not differ from each other 
at the 0,05 level of significance (Dunoaa's multiple ratige 
test). 
®No uredia of race 290 developed. Therefore, data from 
this isoline was not included in the analysis of variance, 
T^he analysis of variance for race 326 was made separately 
for midseason isolines. 
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Race 326* 
Length Width 
Adult Seedling Adult Seedling Adult 
mmwm 276.8 d 271.2 d 118.5 c 144.8 ( 
431.6 ab 1990.8 a 1074.4 b 414.0 a 350.4 a 
151.2 0 569.6 c 523.6 c 202.4 b 226.4 b 
130.4 c 327.2 cd 503.2 cd 149.6 be 240.0 b 
375.2 b 1528.8 b 1161.6 b • 406.8 a 324.0 a 
480.4 a 1987.2 a 1580.4 a 437.6 a 394.4 a 
151.2 c 1453.2 be 1034.4 c 345.6 b 342.4 b 
373.2 b 1295.6 c 1027.2 c 362.4 ab 356.0 ab 
160.4 c 392.8 d. 464.8 d 198.0 c 181.2 i 
411.6 ab 1528.4 b 1052.8 be 374.8 ab 434.4 a 
215.2 c 1562.8 b 1270.4 b 401.6 ab 412.4 ab 
480.4 a 1987.2 a 1580.4 a 437.6 a 394.4 ab 
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isoline X434 (Table 19). Differences, however, were greater 
and more consistent with race 326. 
Saia resistance from C.I. 7232: Early isoline X550 
had much larger uredia of both races 290 and 326 on both 
seedling and adult leaves than those of midseason isoline 
Xll? (Table 19). 
Recurrent parents: Race 290 produced larger uredia 
on both seedling and adult leaves of midseason recurrent 
parent C.I, 7555 than those on early recurrent parent C.I. 
7970 (Table 19). The opposite was true with race 326, however, 
and it developed slightly larger uredia on seedling and adult 
leaves of recurrent parent C.I. 7970 than those on midseason 
recurrent parent C.I. 7555» 
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DISCUSSION 
Isollnes such as those used In this study are nearly Ideal 
biological material for characterizing the effects of crown rust 
resistance genes in a common genetic background. Such iso­
llnes should eliminate most of the factors that might confound 
interpretation of the effect of a given resistance gene. Their 
use has been emphasized in both applied and basic research 
(Loegering and Harmon, 1969; Rowell et al., 196]; Shaw, I963). 
Isollnes have been used by other workers to characterize 
dominant genes (Kohel and Richmond, 1971)• 
I have used two approaches to characterize crown rust 
resistance genes from four sources. First, experiments were 
conducted to investigate the effect under field conditions of 
host-parasite interactions between prevalent or key crown rust 
races and isollnes carrying different resistance genes. 
Second, studies were carried out under more controlled condi­
tions in growth chambers to learn at which stage of the host-
parasite interaction these genes are effective and, if possible, 
the mechanism of resistance. Temperature and nutrition studies 
were designed to gain understanding of the potential of these 
genes to condition resistance under varying environmental 
conditions, 
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Comparison of Recurrent Parents 
In general, early recurrent parent C.I. 7970 had higher 
kernel wt and kernel density ratios than inldseason recurrent 
parent C.I. 7555 for most of the races. Furthermore, hyphal 
growth of race 290 was much slower in C.I. 7970 than in C.I. 
7555, which had almost the same length of hyphae in adult 
leaves as did Markton. Race 290 also developed smaller uredla 
on leaves of C.I, 7970 than on C.I. 7555. In contrast, race 
326 had shorter hyphae in the mldseason recurrent parent than 
in Markton and developed larger uredla on the early recurrent 
parent than on C.I. 7555» C.I. 7555 was almost as susceptible 
to races 290 and 326 as Markton, C.I. 7970 was as susceptible 
as Markton to race 326. It appears that the early line has 
some protection from earllness and also generalized resistance 
for race 290 but not to race 326. My study Indicates that 
horizontal resistance in C.I. 7970 was not effective against 
all the races I studied, as C.I, 7970 was susceptible to race 
326: This corroborated the observations of Browning and Prey 
(1969) with sister-line C237-89IV. 
The yielding ability of the early Isolines is compara­
tively low. Therefore, because of the earllness and background 
resistance in the early series of isolines future use of mid-
season isolines for most basic research problems involving 
these isolines appears more promising. 
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Comparisons of Isolines 
There were significant differences among the yields of 
isolines even under disease-free conditions (Table 2). This 
corroborated the previous report by Prey and Browning (1971). 
However, they reported that early isoline X54l yielded higher 
than its recurrent parent, indicating an association between 
a crown rust factor from C.I. 7171 and yield genes. My yield 
and kernel density data did not indicate the superiority of 
X541 to its recurrent parent C.I, 7970. One possibility of 
this slight discrepancy might be explained by the fact that, 
although my mean yields were calculated from 80 sprayed plots, 
army worms, mentioned below, affected my yield data. However, 
kernel density correlated with my yield data, and kernel den­
sity seems to me more efficient than even kernel wt and yield 
because I was able to draw the same conclusions (except for 
isoline X5^ 1) from my kernel density data from one year ex­
periments as Frey and Browning (1971) did from their three 
year's yield data. 
Differences among Isolines are not uncommon (Harding and 
Allard, 196$; Kohel et al., 1967; Kohel and Richmond, 1971). 
Theoretical work has indicated that it is very difficult to 
transfer a single gene without any linked genes (Bartlett and 
Kaldane, 1935; Hanson, 1959)» These workers postulated that 
there will be a linkage block of varying size which also will 
be transferred with a particular gene. Doubtless linked genes 
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affected yields in this study. But even without incorporating 
linked genes, yield differences of isollnes should not be 
surprising because, as pointed out by Hanson (1959), the 
pleiotroplc effects of single genes cannot be determined 
exactly even when these genes are in isollnes. In my study 
some variability among yields of rust-free isollnes might have 
occurred because yield data were taken from hill plots that 
had been attacked by army worms. Large variations In the 
yield data for a particular treatment render the data unsuitable 
measures of host response to crown rust. Hill plots are appro­
priate to determine the effects of a single race on different 
isollnes, because many isollnes can be tested with 
precision in small plots provided that external factors such 
as insect attack, bird damage, and shattering are constant. 
The efficiency of hill plots in oat research has been demon­
strated by other authors (Frey, I965; Simons and Michel, I967) . 
Under variable conditions such as those mentioned above, 
gross yield data from hill plots are not reliable. Fortunately, 
components of yield are much less sensitive than gross yield 
to sources of variability between and among isollnes such as 
army worms. To further eliminate variability and to study the 
effect of a given resistance gene, my data consisted largely of 
kernel wt and kernel density ratios from rusted and fungicide-
sprayed plots of the same isoline, It seems to me that kernel 
density ratios are even superior to kernel wt ratios as quanti­
tative measures of the effect of a particular gene, because 
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variability among kernel density is very small. Therefore, 
my conclusions based on kernel density ratios appear valid. 
I classified races into groups on the basis of their 
virulence pattern on the Isolines I studied. Races with the 
same virulence potential on these Isollnes were grouped into 
one class. My system of classification is slightly different 
from that reported by Michel and Simons (I966), Grouping of 
races into different classes is arbitrary, anyway. 
Comparison of reactions of Isollnes to Landhafer races 
The Landhafer gene common to all isollnes conditioned 
resistance to races 202, 203, 20$, 213A and 216, The superior 
resistance to these races by two crown rust resistance genes 
together (Landhafer plus one other) in a single isollne may be 
due to the following factors; the individual additional^  genes 
may have different strengths, some resistance factor linked 
with the additional resistance genes may result in higher 
yield, and two crown rust resistance genes may be additive in 
effect. If two or more resistance genes are Incorporated into 
a single line, either they will condition resistance equal to 
•^ Referring to "additional genes" is risky, for one can 
never know how many "additional genes" a given line possesses. 
For Instance, both recurrent parents and several Isollnes used 
in my study probably carry genes from Bond for crown rust re­
sistance. However, races (except race 42? in the field) that 
could distinguish the Bond resistance were not used in my 
study. Therefore, Bond resistance was not known to be effec­
tive against any race and it was not considered in my dis­
cussion to be conditioned by an "additional gene". 
1# 
the total of the resistance conferred by single genes alone 
or, due to gene Interaction, the effect will exceed that of 
the effect of either gene alone (Hooker, I967). This corrobo­
rates studies of other investigators (Chang, 1959; Flnkner, 
1954; Simons and Murphy, 1954; Sunderman and Ausemus, I963). 
Van der Plank (I968) calculated that two genes with an additive 
effect will shorten the half-life of races of Pucclnla gramInIs 
more than a single gene alone, 
Isollne X#7 did not differ significantly in resistance 
for race 202 and 213A (Tables 3 and 4), indicating that its 
resistance is mainly due to the Landhafer gene alone. In the 
early genetic background, Isolines that carry an extra gene 
(additional to Landhafer) and that showed a level of resistance 
lower than that of the recurrent parent can be explained by 
the assumption that the resistance may be due primarily to 
the Landhafer gene (which is also possessed by the recurrent 
parent) and generalized resistance, and that not all of the 
generalized resistance of the recurrent parent was transferred 
to the progeny. 
In general, there was correlation among field rust reac­
tions and kernel wt and kernel density ratios for all isolines 
and races. In some cases, however, there was no apparent 
correlation. This is not uncommon (Rosen, 1944; Simons, I966). 
Simons (I966) showed that certain cultivars of oats supported 
large uredia but that their yield and kernel wt ratios indi­
cated that they were not as affected by rust as one would 
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expect based on visual observations. 
Comparison of reactions of Isolines to non-Landhafer races 
Mldseason Isollne X423 and early Isollne X469 both were 
derived from crosses with Ascencao. However, In terms of 
kernel wt and kernel density ratios, X423 exhibited better 
resistance than X469 against most of the races used in the 
field. Under controlled conditions for races 290 and 326, 
X423 had restricted growth of hyphae and no pustules formed, 
but the reverse was true for X469. Based on these observa™ 
tlons, it seems that these isolines do not carry the same 
gene for crown rust resistance, Ascencao is known to carry 
two genes for crown rust resistance, Pc-2 and Pc-l4 (Simons, 
1956), The data suggest that mldseason isollne obtained gene 
Po-14 from Ascencao, and early isoline gene Pc-2, This has 
been confirmed by greenhouse seedling tests with other races, 
and also by tests of seedlings of both isolines with Helmln-
thosporium victoriae; Isollne X469 that possesses gene Pc-2 
was susceptible to H. victoriae (J, A, Browning, personal 
communication). 
In general, Xm-^ / and XS^ l reacted almost the same to most 
of the crown rust races. There was no substantial Increase in 
resistance due to the P,I. 185783 genes, either in the early 
or the mldseason genotype, except for a fe?' races. It was 
previously thought that P,I, 185783 carried a major gene for 
resistance. Recent findings indicate that the adult=plant 
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resistance in P.I, 185783 is probably Inherited quantitatively 
(M, D. Simons, personal communication). Therefore, these iso-
llnes may have received only a few minor genes. Use of adult 
plant resistance from P,I, I85763 appears doubtful in back-
cross breeding programs. 
Differences between X270 and X434 were minor and probably 
due to the different recurrent parents. The Avena sterllis 
'Wahl #8* resistance in X270 and X434 conferred protection 
against most of the races used in the field and in the growth 
chamber experiments. Performance of the Wahl #8 gene (assigned 
the number Pg-51 by M, D. Simons, personal communication) was 
the best among all of the genes I studied. This gene is very 
promising for further exploitation in breeding programs. 
However, its value should not be Jeopardized by using It 
over extensive areas (Browning et al., 1969)» 
Mldseason isollne XII7 was derived from the Saia strain 
supplied by Sadanaga and Simons (I96O), and X550 from Zlllln-
sky's gtrain of C,I, 7232. Thus- their Sala resistance for 
crown rust should be similar. However, kernel density ratios 
for races 290 and 326 indicated that XII7 had resistance 
superior to that of X550 (Tables 5 and 6), X117 was rated 
highly resistant to races 290 and 326 in the growth chamber 
experiments while early isollne X550 was susceptible. X117 
also yielded higher than X550 under rust-free conditions 
(Table 2). For race 264B, X550 and X117 both were resistant 
in the field and In the adult stage In the growth chamber 
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(Table 5)« My data indicate that X117 and X550 do not carry 
the same Saia gene for crown rust resistance. Moreover, X117 
was rated resistant to crown rust races ^ 56, 294, and 264b Asc., 
but X55O was susceptible to these three races under growth 
chamber conditions (J, A. Browning, personal communication). 
The incorporation of resistance in X550 to race 264b (but 
not, like XII7, to races 290 and 326) can be explained on the 
basis of two factors: (1) the possibility of outcrossing 
cannot be Ignored; and (2) there is evidence that C.D. 3820 is 
not uniform for crown rust reaction (Murphy et al,, I968), 
Although Simons et al, (1959) found one major gene against 
race 264a in the derived tetraploid C,I. 7232 with resistance 
from diploid C.D. 3820, they did not find any minor genes in 
their material by using races 202, 203, 216, and 264a. It is 
possible that c.I. 7232 carries major as well as minor genes 
for crown rust resistance, as does C.I. 7010, but that Simons 
et al. (1959) did not detect them because they did not use 
racG 264B In thslr tssts. 
Based on the work of Dyck and Zilllnsky (I963) with C.D. 
3820, it appears that isoline X117 could carry a dominant 
major gene (Pc-15) as well as a minor gene (Fc-23) conferring 
resistance to races 264b, 29O, and 326, while isoline X550 
could carry only a minor gene (Pc-23) that confers moderate 
resistance against race 264b. It has been demonstrated that 
the resistance in XII7 is located on chromosome fragments 
(Dherawattana, 1971) indicating breakage of the chromosome. 
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It is quite possible that during the breakage of the chromo­
somes a major gene (Po-15) was lost. This deserves further 
cytological study. Conclusions drawn from my study agree with 
the above except that there is no reason to conclude from my 
data that Xll? possesses minor geneso My data could be ex­
plained by the assumption that Xll? carries a major gene 
(Pc-15) for resistance to races 264B, 290, and 326, while 
X550 carries a minor gene (Po-23) giving moderate resistance 
to race Z6kB, 
Infection Phenomena 
Infection phenomena studied herein indicated that uredio-
spore germination percentage, germ tube length, percentage of 
germ tubes to form appressoria, percentage of appressoria 
formed over stomata, and percentage of appressoria to discharge 
their contents were similar in host-pathogen interactions 
whether they resulted in susceptible or resistant infection 
types- In general; there was correlation between hyphal 
growth in the host and size of uredia, and resistance. These 
observations corroborated previous reports (Allen, 1923 a; 
Chester, 1933; Hilu, I965; Rothman, I96O; Wellensiek, 1927), 
However, there was no correlation between resistance and germ-
tube length, as has been reported for P. sorghi Schw, (Hull, 
1928), 
Most of the genes I studied confer the so-called vertical 
resistance. Vertical or race-specific, protoplasmic resistance 
1^9 
Is not effective until the pathogen is inside the host and 
an intimate association between host and pathogen has been 
established, or at least initiated. The physiologic mechanism 
of resistance was not investigated in this study. However, it 
appears that complicated physiological and biochemical processes 
are involved in such specialized host-pathogen interactions 
that occur after the host and pathogen cells are in intimate 
association. Only a few infection hyphae of races 290 and 326 
developed in X423 after the formation of substomatal vesicles, 
for instance. A real question is how they were able to de­
velop. This probably indicates that something in the host 
cells checked growth of the hyphae. 
The involvement of phytoalexins in the mechanism of re­
sistance of host to pathogen has been advocated (Cruickshank, 
1963). However, until recently there was no proof that such 
compounds are present in highly-specialized host-pathogen 
systems such as those involving the rusts. It was demonstrated 
recently that inhibited growth of P. grsjninis in immune com 
(a nonhost) was due to phytoalexins, not to nutrient defi­
ciency (Leath and Rowell, 1970). 
Hypersensitivity has been proposed as another mechanism 
of resistance against pathogens (Muller, 1959)* Phytoalexins 
and hypersensitivity are nonspecific. However, the resistance 
in the isolines I studied is race specific and partial, not 
absolute. Therefore, resistance conditioned by genes in these 
isolines cannot be explained on the basis of present phyto-
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alexin and hypersensitivity theory. Further investigations 
are needed to explain this kind of resistance. 
Shift in Infection Type Due to Temperature 
Temperature effects on host-pathogen relations is non­
specific because It affects simultaneously the fungus, the 
host, and interactions in and between host and fungus. 
Shortening of the incubation period at higher temperatures 
has been well documented (Marland, 1937; Peturson, 1930)• 
Shifts in infection type at higher temperatures are not un­
common (Murphy, 1935; Saari and Moore, 1962; Simons, 195^ ; 
Putrell and Rivers, 1955). The fundamental reactions in the 
breakdown of resistance are unknown; however, at least three 
schools of thought prevail: carbohydrate metabolism, in­
hibitory mechanisms, and molecular aspects of temperature 
response. 
Effect of carbohydrate metabolism 
Rosen and Bailey (1957) reported that the breakdown of 
resistance to crown rust race 203 of temperature-sensitive 
strains of oats can be explained by the rate of carbohydrate 
metabolism in the host and the supply of carbohydrate metabo­
lites to support fungus growth. They succeeded in inactivating 
resistance at low temperatures by growing plants in an atmos­
phere of 0.15# COg for about 48 hr after inoculation. Resis­
tance also was inactivated when host leaves were sprayed with 
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sucrose at 21 C. Similar observations with other rusts 
demonstrated that supplying carbohydrates In solution results 
In the breakdown of resistance (Browning, 195^ 5 Mains, 1917; 
Silverman, 196O; Waters, I928; Wu, 1952). Resistance being 
very race specific in my isollnes cannot be explained on the 
basis of carbohydrate metabolism alone. 
Inhibitory mechanisms 
Clifford and Schafer (1966a) speculated that resistance 
genes do not operate in younger stages due to inhibitory 
mechanisms. They speculated that as leaves get older, in­
hibitory substances disappear at low temperatures but not at 
higher temperatures. They did not isolate any inhibitory sub­
stances. 
Molecular aspects of temperature response 
Some plant pathologists and breeders use the term "gene 
breakdown" to express the Inactivatlon of resistance conferred 
by some genes at higher temperature. But this term is mis­
leading because temperature might affect either the genetic 
material (DNA) or the control systems involved in enzyme syn­
thesis. It has been proved, at least for microorganisms, that 
there is no substantial effect of temperature on DNA under 
physiological limits. The ratio of guanlne=cytcsine base 
pairs is not a function of atmospheric temperature, which in 
turn is responsible for the temperature sensitivity of DNA. 
However, there may be considerable effect of temperature on 
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control systems because they are usually very sensitive. In 
general, temperature acts either as an inducer or as a re­
pressor (Langridge and McWilliam, I967), 
Enzymes are very important in host-pathogen interactions. 
Several authors have postulated that processes involved in 
host-pathogen interactions are similar to those elucidated by 
Jacob and Monod (I96I) for gene control in bacteria (Plangas 
and Dickson, I96I; Heitefuss, 1966a, 1966b; Laubscher, I963; 
Shaw, 1963). Laubscher (I963) hypothesized that resistance 
genes might act as regulator genes and repress the synthesis 
of some biochemical compounds which are essential for the 
grovjth of a particular race of the rust funguse According to 
him, inactivation of host resistance genes at higher tempera­
tures might be due to the synthesis of excessive inducer 
metabolites at higher temperatures which will inactivate 
repressor proteins. 
At present, these are just speculative hypotheses. Fur­
ther research is this area is indicated. 
Shifts in Infection Type Due to Nitrogen 
My results indicate that there was no effect of nitrogen 
at the lower temperatures (Table 8). However, nitrogen had 
some effect in conjunction with thé higher temperature; In 
the past, it has been shown that the effect of nitrogenous 
fertilizers was indirect through affecting host vigor. Ap­
parently there is no effect on protoplasmic resistance 
153 
whatsoever. The application of excessive nitrogenous fertil­
izers usually results in delayed maturity and increased stand 
density and succulency. These conditions, of course, might 
affect the number of infections, but they cannot modify the 
effect of a particular resistance gene. Other workers could 
not detect an effect of nitrogen in their experiments (Daly, 
19^9; Walker, 1946; Wingard, 1941), One reason for my failure 
to detect a nitrogen effect may be that my oat plants were not 
grown long enough to deplete nitrogen from the seed, Stahl 
and Shive (1933) reported that absorption of nitrogen by oat 
plants was lowest at the seedling stage, maximum at the blossom 
stage, and that it declined thereafter. 
It seems to me that nitrogen will affect the total vigor 
of the host. Therefore, it would not be possible to show the 
effect of nitrogen on a particular gene. A nitrogen effect 
would be nonspecific while the effect of a gene is very 
specific. Of course, other factors might be Involved. Walker 
(1946) also concluded that temperature and resistance factors 
have more pronounced effects on host resistance than does 
host nutrition. However, Pantanelli (1921) and Gassener and 
Hassebrauk (1934) found that some effect of nitrogen resulted 
in increased susceptibility to crown rust in oat cultivars in 
their nutrient culture experiments, Darlev and Hart (IQkkï 
also reported an effect of temperature and nitrogen with 
stem rust. 
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The combination of high temperature and nitrogen resulted 
in increased susceptibility of some oat isolines. These 
results corroborated those of Simons (1955^)» 
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SUMMARY AND CONCLUSIONS 
Oat (Avena satlva L,) Isolines in two maturity classes, 
early and midseason, were tested in field and growth chamber 
experiments with several key races of crown rust (Puccinia 
coronata var. avenae) to characterize the resistance genes 
they carry. 
In the field, I tested the isolines in replicated single-
race experiments with crown rust races 202, 203, 205, 213A, 2l6, 
264A, 264B, 290, 295, 321, 326, and 427; and in growth chambers 
with races 216, 264B, 29O, and 326, 
Isolines in each maturity class, which were supposed to 
be near-isogenlc except for different crown rust resistance 
genes, normally would be expected to furnish a common genetic 
background for characterizing precisely single crown rust 
resistance genes. However, yield genes were found by Prey and 
Browning (1971) to be associated with resistance genes from 
four sources. Eight isolines incorporating resistance genes 
from these four sources were the ones T studied intensively. 
My yield and kernel density data from rust-free plots 
corroborated Prey and Browning (1971) with a few minor ex­
ceptions; I, like them, found significant differences (probably 
due to the associated yield genes) among isolines. This made 
it impossible to make valid estimates of rust damage by direct 
comparison between an isollne and its recurrent parent. There­
fore, I grew isolines in the field under rusted and nonrusted 
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conditions and used their yield, kernel wt, and kernel density 
ratios to avoid inherent differences among isolines. 
In growth chamber experiments, I attempted to correlate 
resistance with infection structures. There was no correla­
tion between resistance and germination of urediospores, 
germ-tube length, appressoria formation, appressoria formed 
over stomata, appressoria that discharged their contents, or 
substomatal vesicle formation. However, there was some corre­
lation between resistance and hyphal growth and size of uredia. 
Both recurrent parents carried the Landhafer gene for 
crown rust resistance. Additionally, the early recurrent 
parent had protection from earliness and generalized resistance 
against most of the races I studied, with the notable exception 
of race 326. 
Some of the four sources of resistance carried more than 
one major or minor gene for crown rust resistance. My data 
indicate that only in the case of gene Pc-51 from Avena 
sterilis 'Wahl 8" were essentially the same resistance factors 
transferred from a given source to both early and midseason 
isolines derived from that source. In the cases of Ascencao 
and Saia derivatives, different major genes were transferred 
to the respective early and midseason isolines, 
Ascencao (C.I, 71^ 6) contains two crown rust resistance 
genes, gene Pc-2 and PG-14. Backcrosslng resulted in trans­
ferring the former to the early isoline and the latter to the 
midseason isoline. 
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Gene Pc-2 from Ascencao in early Isoline X469 is char­
acterized as conditioning resistance (based on quantitative 
measurements in field experiments) significantly better than 
that of its recurrent parent to races 264B and 29O, and govern­
ing susceptibility to H« victoriae. It allowed shorter hyphal 
growth and smaller pustules of race 29O than of race 326. It 
also allowed a slight breakdown of resistance under high 
temperature and high nitrogen conditions to races 264B, 290, 
and 326, Pc-2, the so-called Victoria gene, is used widely in 
commercial oat cultivars, especially in the South. 
Gene Po-l4 from Ascencao in midseason isoline X423 is 
characterized as conferring resistance in the field signifia 
cantly better than that of the recurrent parent against races 
203, 290, 295, 321, 326, and 427, Hyphal growth of races 290 
and 326 was checked from the beginning in X423, A few flecks 
developed for race 326 but not for race 29O, and resistance was 
stable at high temperature and high nitrogen to both races. 
Under rust-free conditions, the highest yield was associated 
with this gene. Pc-l4 conditions susceptibility to prevalent 
race 264B; nonetheless, it is a very promising gene for use in 
multiline cultivars. 
Resistance genes from P.I. 185783 (C.I. 7171) In the mid-
ssascn gsnotyps govcrnsd rssistancs in ths fisld significantly 
better than that of the recurrent parent only to races 321 and 
326. But in the early genotype, these genes conditioned re­
sistance significantly better than that of the recurrent 
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parent against races 213A, 216, and 290. These genes con­
ferred better resistance In the early genetic background than 
In the mldseason to races 205, 213A, 216, 264A, 264B, 290, and 
326, Under controlled conditions, these genes were not 
effective against races 290 and 326. The adult resistance 
conditioned by factors from P.I, 185783 probably is inherited 
quantitatively and only a few minor genes may have been trans­
ferred to the progeny I studied. 
Gene Pc-51 from Avena sterllis 'Wahl 8' (C,I, 8079) is 
characterized as conditioning resistance in the field sig­
nificantly better than that of the recurrent parent to races 
203, 264A, 264B, 290, 295, 321, 326, and 42? in mldseason iso­
line X270, and against races 216, 264B, and 326 in early iso­
line X4'34, Apparently this gene was transferred to both X270 
and X434, but the earliness and generalized resistance of the 
early recurrent parent prevented it from showing the full 
potential in X434. Under controlled conditions, growth of 
hyphae was restricted and only a few pustules developed. Re­
sistance was inactivated at higher temperature and nitrogen 
levels to races 290 and 326 in both genetic backgrounds. This 
gene conferred the best resistance of all the genes in the iso-
lines I studied. Under rust-free conditions, one of the high-
A 4 M N 4* A/Q *»? 4 +- TA 4-V\ 4 /««AVI A ^ A 4* V» ^ EI 
^k) V jr a.voa.^0 vtcvo v/w J. u-c* vv ^ waa uaxjuo 9 x xa cmj. ^  
gene in breeding programs is Indicated. 
Avena strigosa 'Saia* (C.I, 7232) apparently contributed 
gene Pc-15 to the mldseason isoline, and Pc-23 to the early 
159 
one. Under field conditions, gene Pc-15 in midseason isoline 
XII7 governed resistance significantly better than that of 
the recurrent parent against races 203» 264A, 264B, 29O, 295» 
326, and 427, Mycelial growth of races 290 and 326 was 
limited; mostly flecks with a few uredia developed at the 
normal temperature. However, resistance to race 326 was not 
effective at higher temperature and nitrogen levels. 
Gene Pc-23 from Saia in early isoline X550 is character­
ized as conditioning moderate resistance to race 264B but 
susceptibility to most of the other non-Landhafer races. In 
general, X550 was as susceptible as the recurrent parent in all 
respects to races 29O and 326, with vigorous mycelial growth 
being observed for both races. 
Saia, of course, possesses excellent resistance to most 
crown rust races. However, resistance from Saia can be used 
in breeding programs only with caution. Linkage between 
factors for black seed color and crown rust resistance was 
broken to obtain isolines Xll? and X550» Then, there is 
association between lower yields and crown rust resistance, 
suggesting the possibility of linkage in the factors for crown 
rust resistance and yield. Attempts should be made to break 
this linkage. Finally, by having resistance on chromosome 
fragments that do not pair with chromosomes of cultivated oats 
(Dherawattana, 1971), chances of losing this resistance cannot 
be predicted. 
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Table 20. Analysis of variance of the effect of crown rust 
race 203 on kernel wt ratios of midseason isollnes 
Source of Sum of Mean 
variation d.f. square square F F95 P99 
Replications 7 0.1051 0.0150 5.5024** 2.36 3.36 
Isollnes 4 0,0480 0.0120 4.3959** 2.71 4.07 
Error 28 0.0764 0.002? 
Total 39 0.2296 
**Signifleant at the 0.01 level. 
Table 21. Analysis of variance of the effect of crown rust 
race 213A on kernel wt ratios of early isollnes 
Source of 
variation d.f. 
Sum of 
square 
Mean 
square F 
P95 F99 
Replications 7 0.0303 0.0043 1.5588 2.36 3.36 
Isollnes 4 0.0307 0.0076 2.7643* 2.71 4.07 
Error 28 0.0779 0.0027 
Total 39 0.1391 
*Significant at the 0.05 level, 
Table 22. Analysis of variance of the effect of crown rust 
race 216 on kernel wt ratios of early isollnes 
Source of 
variation d.f. 
Sum of 
square 
Mean 
square P P95 P99 
Replications 7 0,0453 0.0064 2,4694** 2.36 3.36 
Isollnes 4 0.0441 0.0110 4.2016* 2.71 4.07 
Error 28 0,0735 0.0026 
Total 39 0.1650 
*,**Signifleant at the 0.05 and 0.01 levels, respectively. 
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Table 23. Analysis of variance of the effect of crown rust 
race 264A on kernel wt ratios of midseason Isolines 
Source of 
variation d.f. 
Sum of 
square 
Mean 
square P F95 P99 
Replications 
Isolines 
Error 
Total 
I 
28 
39 
0.0534 
0.1432 
0.1003 
0.2970 
0,0076 
0,0358 
0,0035 
2.1307 
9.9945** 
2.36 
2,71 
3.36 
4.07 
**Signlfleant at the 0,01 level. 
Table 24, Analysis of variance of the effect of crown rust 
race 264A on kernel density ratios of midseason 
Isolines 
Source of 
variation d.f. 
Sum of 
square 
Mean 
square P F95 *'99 
Replications 7 0.0060 0;0008 0.9048 2.36 3.36 
Isolines 4 0.0113 0,0028 2.9454* 2.71 4.07 
Error 28 0.0269 0.0009 
Total 39 0,0444 
•Significant at the 0,05 level. 
 ^Table 25» Arialysis of varlaiioe of the effect of Gromi rust 
race 264B on kernel wt ratios of midseason isolines 
Source of 
variation d.f. 
Sum of 
square 
Mean 
square F F95 F99 
Replications 7 0.0569 0,0081 2.7093* 2.36 3.36 
Isolines 4 0.2402 0,0600 20,0077** 2.71 4,07 
Error 2b 0,0840 0,0030 
Total 39 0.3811 
*,**Signifleant at the 0,05 and 0,01 levels, respectively. 
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Table 26. Analysis of variance of the effect of crown rust 
race 264B on kernel density ratios of midseason 
isolines 
Source of 
variation d.f. 
Sum of 
square 
Mean 
square P P95 P99 
Replications 7 0.0061 0.0008 1.7217 2.36 3.36 
Isolines 4 0.0661 0.0165 32.2893** 2.71 4.07 
Error 28 0.0143 0.0005 
Total 39 0.0866 
**Signifleant at the 0.05 level. 
Table 2?. Analysis of variance of the effect of crown rust 
race 326 on kernel wt ratios of midseason isolines 
Source of Sum of Mean 
variation d.f. square square P Pgg 
Replications 7 0,0256 
Isolines 4 0.3171 
Error 28 0.0978 
Total 39 0.4406 
0.0036 1.0499 2,36 3.36 
0.0792 22.6897** 2.71 4.07 
0.0034 
**Signifleant at the 0,01 level. 
Table 28. Analysis of variance of the effect of crown rust 
race 326 on kernel density ratios of midseason 
isolines 
Source of 
variation 
Replications 7 0:0191 
Isolines 4 0.0918 
Error 28 0,0243 
Total 39 0.1353 
P95 F99 
0:0027 3:1442** 2.-36 3:36 
0.0229 26.4187** 2.71 4.07 
0,0008 
Sum of Mean 
d.f. square square F 
^^Significant at the 0.01 level. 
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Table 29. Analysis of variance of the effect of crown rust 
race Z6^ •A on kernel wt of early isolines 
Source of 
variation d,f. 
Sum of 
square 
Mean 
square P F95 F99 
Replications 7 0.2070 0,0295 1,3627 2.36 3.36 
Isolines 4 0,2749 0,0687 3.1676* 2.71 4.07 
Error 28 0,6076 0,0217 
Total 39 1,0897 
S^ignificant at the 0,05 level. 
Table 30. Analysis of variance of the effect of crown rust 
race 264B on kernel wt ratios of early isolines 
Source of 
variation d.f. 
Sum of 
square 
Mean 
square P 
P95 P99 
Replications 7 0,0202 0.0028 0.9128 2.36 3.36 
Isolines 4 0,0883 0.0220 6.9745** 2.71 4,07 
Error 28 0,0886 0.0031 
Total 39 0.1972 
**Significant at the 0.01 level. 
Table 31 « Analysis of variance of the effect of crown rust 
race 264B on kernel density ratios of early isolines 
Source of 
variation d.f. 
Sum of 
square 
Mean 
square F 9^5 F99 
Replications 7 0,0026 0.0003 0.6016 2.36 3.36 
Isolines 4 0,0192 0.0048 7.6496** 2.71 4.07 
Error 28 0,0175 0.0006 
Total 39 0,0394 
**Significant at the 0,01 level. 
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Table 32. Analysis of variance of the effect of crown rust 
race 326 of kernel wt ratios in early isolines 
Source of 
variation d.f. 
Sum of 
square 
Mean 
square F 
P 9 5  P 9 9  
Replications 7 0.0249 0.0035 1.5107 2.36 3.36 
Isolines 4 0.1186 0.0296 10.5976** 2.71 4.07 
Error 28 0,0659 0.0023 
Total 39 0.3094 
**Significant at the 0.01 level. 
Table 33» Analysis of variance of the effect of crown rust 
race 326 on kernel density ratios of early isolines 
Source of 
variation d.f. 
Sum of 
square 
Mean 
square F 9^5 F99 
Replications 7 0.0121 0.0017 1.1673 2.36 3.36 
Isolines 4 0.0240 0.0060 4.0495** 2.71 4.07 
Error 28 0.0415 0.0014 
Total 39 0.0777 
**8ignificant at the 0.01 level. 
Table 34. Analysis of variance of the effect of crown rust 
race 29O on kernel wt ratios of midseason isolines 
Source of Sum of Mean 
variation d.f. square square F 
P 9 5  P 9 9  
Replications 7 0.0344 0.0049 1.144? 2.36 3.36 
Isolines 4 0,3254 0,0813 1 8 . Q 1 < 6 * *  2 , 7 1  4,0? 
Error 2 8  0,1202 0.0042 
Total 39 0.4801 
**8ignifioant at the 0,05 level. 
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Table 35* Analysis of variance of the effect of crown rust 
race 290 on kernel density ratios of midseason 
isolines 
Source of 
variation d,f. 
Sum of 
square 
Mean 
square P F95 F99 
Replications 7 0.0069 0,0009 2,1869 2,36 3.36 
Isolines 4 0.0336 0,0084 18,4460** 2.71 4,07 
Error 28 0.0127 0,0004 
Total 39 0.0534 
**Significant at the 0.01 level. 
Table 36. Analysis of variance of the effect of crown rust 
race 295 on kernel wt ratios of midseason isolines 
Source of 
variation d,f. 
Sum of 
square 
Mean 
square P F95 P99 
Replications 7 0,1042 0.0148 3,1799* 2,36 3.36 
Isolines 4 0,1148 0.0287 6.1296** 2,71 4,07 
Error 28 0.1311 0,0046 
Total 39 0.3503 
*,**Significant at the 0,05 and 0,01 levels, respectively. 
Table 37• Analysis of variance of the effect of crown rust 
race 321 on kernel wt ratios of midseason isolines 
Source of Sum of Mean 
variation d.f. square square P 
"95 P99 
Replications 7 0.0240 0.0034 0.9942 2.36 3.36 
xso±ines 4 U.ZOOj u.uoyu '+.uy 
Error 28 0,0965 0.0034 
Total 39 0.3889 
**Slgnificant at the 0,01 level. 
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Table 38. Analysis of variance of the effect of crown rust 
race 42? on kernel wt ratios of midseason Isolines 
Source of Sum of Mean 
variation d.f. square square P 9^5 P99 
Replications 7 0.0604 0,0086 1.5013 2.36 3.36 
Isolines 4 0.0955 0.0238 4.1493** 2.71 4.07 
Error 28 0.1611 0.0057 
Total 39 0.3171 
**Signifleant at the 0,01 level. 
Table 39o Analysis of variance of the effect of crown rust 
race 290 on kernel wt ratios of early isolines 
Source of 
variation d.f. 
Sum of 
square 
Mean 
square P 9^5 F99 
Replications 7 0,0814 0,0116 2.9282* 2.36 3.36 
Isolines 4 0,0941 0,0235 5,9204** 2.71 4.07 
Error 28 0,1112 0,0039 
Total 39 0,2868 
*,**81gnificant at the 0.05 and 0.01 levels, respectively. 
Table 40. Analysis of variance of the effect of crow?, rust 
race 290 on kernel density ratios of early isolines 
Sum of Mean 
d.f. square square 
Source of 
variation 
Replications 7 0.0125 
Isolines 4 0.0156 
Error 28 0,0182 
Total 39 0,0464 
0.001? 2,7444* 2,36 3.36 
0,0039 4,9714** 2,71 4.07 
*,**Significant at the 0,05 and 0,01 levels, respectively. 
Table 41, J^ alysis of variance of the average length of the longest hypha per In­
fection site of crown rust races 290 and 326 in seedling and adult leaves 
of midseason oat isolines 48, 96, 144, 192, and 249 hr after inoculation 
Source of 
variation d.f. Sum of square Mean square F P95 F99 
Stages (S) 1 1042.34 1042.34 52.11** 3.84 6.63 
Races (R) 1 6798.21 6798.21 339.86** 3.84 6.63 
S X R 1 532.52 532.52 26.62** 3.84 6,63 
Isolines (I) 5 135798.94 135798.94 1357.80** 2.21 3.02 
S X I 5 1194.65 1194.65 11.94** 2.21 3.02 
R X I 5 173.26 34.52 1.73 2.21 3.02 
S X R X I 5 2472.12 494.42 24.71** 2.21 3.02 
Times (T) 4 178003.12 44500.78 2224.74** 2.37 3.32 
S X T 4 1394.25 348.56 17.42** 2.37 3.32 
R X T 4 3247.17 811079 40.58** 2.37 3.32 
S X R X T 4 146.72 36.68 1.83 2.37 3.32 
I X T 20 58586.94 2929.34 146.44** 1.57 1.88 
S X I X T 20 517.86 25,89 1.29 1.57 1.88 
R X I X T 20 343.54 17.17 0.85 1.57 1.88 
S X R X I 3: T 20 391.10 19.55 0.98 1.57 1.88 
Error 1080 21602.85 20.00 
Total 1199 
*<^ Significant at the Oo01 level. 
Table 42. j\nalysls of variance of the average length of the longest hypha per in­
fection site of crown rust races 290 and 326 in seedling and adult leaves 
of early oat isolines 48, 96, 144, 192, and 240 hr after inoculation 
Source of 
variation d.f. Sum of square Mean square F F95 F99 
Stages (S) 1 2685.90 2685.90 99.53** 3.84 6,63 
Races (R) 1 13346.27 12346.27 457.51** 3.84 6.63 
S X R 1 1797.56 1797.56 66.61** 3.84 6.63 
Isolines (I) 5 54158.35 10831.66 401.39** 2.21 3.02 
S X I 5 4421.33 884,26 32.76** 2.21 3.02 
R X I 5 8982.52 1796.50 66.57** 2.21 3.02 
S X R X I 5 1882.53 376.50 13.95** 2.21 3.02 
Times 4 229499.81 57374.95 2126.16** 2.37 3.32 
S X T 4 3185.33 796.33 29.50** 2.37 3.32 
R X T 4 6727.12 1681.78 62.32** 2.37 3.32 
S X R X T 4 166.07 41.52 1.53 2.37 3.32 
I X T 20 28452.40 1422.62 52.71** 1.57 1.88 
S X I X T 20 570,64 28.53 1.06 1.57 1.88 
R X I X T 20 634.10 31.70 1.17 1.57 1.88 
S X R X I DC T 20 419.90 20.99 0.78 1.57 1.88 
Error 1080 29144.12 26.98 
Total 1199 
**Significant at the 0.01 level. 
186 
Table 4), Analysis of variance of the average length of 
pustules of crown rust races 290 and 326 on seedling 
and adult leaves of midseason oat isollnes 240 hr 
after inoculation 
Source of Sum of Mean 
variation d.f. square square F P95 P99 
Stages (S) 1 3146,61 3146.61 72.40** 3.84 6.63 
Races (R) 1 333.08 333.08 7.66** 3.84 6.63 
S X R 1 0.86 0.85 0.02 3.84 6.63 
Isollnes (I) 4 35557.87 
3424.08 
8889.46 204.54** 2.37 3.32 
8 x 1  4 856.02 19.69** 2.37 3.32 
R X I 4 131.37 32.84 0.75 2.37 3.32 
S X R X I 4 271.87 67.97 1.56 2.37 3.32 
Error 180 7822.76 43.46 
Total 199 50688.51 
**Slgnlficsuit at the 0.01 level. 
Table Analysis of variance of the average width of pus­
tules of crown rust races 29O and 326 on seedling 
and adult leaves of midseason isollnes 240 hr after 
inoculation 
Source of Sum of Mean 
variation d.f. square square F F95 P99 
Stages (S) 1 48.22 48.22 10.69** 3.84 6.63 
Races (R) 1 38.54 38,54 8.54** 3.84 6.63 
S X R 1 18.36 18.36 4.07* 
100.48#* 
3.84 6.63 
T Î v>n Q ( a 1813=17 455=29 2.37 3.32 
s X I 4 116.28 29.07 6.44** 2.37 '3.32 
R X I 4 116.97 29.24 6.48** 2.37 3.32 
s X R X I 4 34.28 8.57 1.89 2.37 3.32 
Error 180 812.02 4.51 
Total 199 2997.86 
®Data for five lines. Uredia did not develop on X423. 
*,**Slgnlfleant at the 0.05 and 0.01 levels, respectively. 
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Table 4^ . Analysis of variance of the average length of pus­
tules of crown rust races 290 and 326 on seedling 
and adult leaves of early oat isolines 240 hr after 
Inoculation 
Source of 
variation d.f. 
Sum of 
square 
Mean 
square P F95 P99 
Stages (S) 1 3871.25 3871.25 102.43** 3.84 6.63 
Races (R) 1 3398.27 3398.27 89.92** 3.84 6.63 
S X R 1 19.78 19.78 0.52 3.84 6,63 
Isolines 5 22167.17 4433.43 117.31** 2.21 3.02 
S X I 5 888,80 177.76 4.70** 2.21 3.02 
R X I 5 2607.78 521.56 13.80** 2.21 3.02 
S X R X I 5 472,23 94.45 2.49* 2.21 3.02 
Error 216 8163,19 37.79 
Total 239 41588,48 
*,**Slgnifleant at the 0,05 and 0.01 levels, respectively. 
Table 46, Analysis of variance of the average width of pus­
tules of crown rust races 290 and 326 on seedling 
and adult leaves of early oat isolines 240 hr 
after inoculation 
Source of Sum of Mean 
variation d.f. square square F P95 P99 
Stages (S) 1 57.13 57.13 10,75** 3.84 6,63 
Races (R) 1 9.16 9.16 1.72 3.84 6,63 
S X 5 X 57.52 57:52 10=82** 3 = 84 6:63 
Isolines (I) 5 1214,80 242.96 45.70** 2.21 3.02 
S X I 5 36.71 7.34 1.38 2.21 3.02 
R X I 5 230.51 46,10 8.67** 2.21 3.02 
S X R X I 5 32.74 6.54 1.23 2.21 3.02 
Error 216 1148.26 5.31 
Total 239 2786.85 
**Signifleant at the 0:01 level: 
